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Treatment of acute and chronic liver disease 
Technical Field of the Invention 

The invention relates to a method for treatment of acute and chronic liver disease in 
an individual. The treatment involves administration of insulin growth-like factor 1 
(IGF-1) to an individual in need thereof. The liver disease may occur in combination 
with other diseases such as e.g. diabetes mellitus. 

Background of the Invention 

Growth factors are growth promoting peptides that stimulate a wide variety of bio- 
logical responses in a defined population of target cells. A variety of growth factors 
have been identified, including transforming growth factor beta (TGF-P), epidermal 
growth factor (EGF), platelet-derived growth factor (PDGF), fibroblast growth factor 
(FGF), and insulin-like growth factor 1 (IGF-1). 

IGF-1 is a naturally occurring growth promoting peptide and shares considerable 
structural and functional homology with insulin and is synthesized in the liver. It con- 
sist of 70 amino acids in a single poly-peptide chain with homology to pro-insulin 
and has a molecular weight of approximately 7.5 kilodaltons (kD). 

IGF-1 in the circulation is bound to 6 different binding proteins (IGFBP-1-6), which 
binds 95% of total IGF-1, a major fraction of this is bound to IGFBP3. About 5% is 
free IGF-1 that acts through both its own receptors and insulin receptors. The bio- 
logical effects are to some degree qualitatively similar to the action of insulin. 

IGF-1 induces cellular growth and differentiation, stimulates cellular glucose uptake 
and metabolism and exerts strong anabolic action on protein metabolism. IGF-1 has 
been studied in a variety of human conditions, including Laron dwafism, acute renal 
failure, and AIDS, and the safety profile of the drug when given subcutaneously is 
well-defined. 

IGF-1 and IGFBP-3 may be purified from natural sources or produced by recombi- 
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nant means. For instance, purification of JGF-1 from human serum is well known to 
the art (Rinderknecht et ai., 1976, Proc. Natl. Acad. Sci, (USA) 73: 2365-2369). Pro- 
duction of JGF-1 by recombinant processes is shown in EP 0,128,733, published in 
December of 1984. IGFBP-3 may be purified from natural sources using a process 
such as that shown in Baxter et al., (1986, "Growth Hormone-Dependent Insulin- 
Like Growth Factors (IGF) Binding Protein from Human Plasma Differs from Other 
Human IGF Binding Proteins", Biochem Biophys. Res, Comm, 139: 1256-1261). 
IGFBP-3 may be synthesized by recombinant organisms as discussed in Sommer et 
af. (1991 , "Molecular Genetics and Action of Recombinant Insulin-Like Growth Fac- 
tor Binding Protein-3", in Modem Concepts of Insulin-Like Growth Factors, E. M. 
Spencer, ed., Elsevier, New York, pp. 715-728). 

Hepatocytes are believed to be the major source of circulating IGF-1and IGFBP3 
and the synthesis is under influence of growth hormone (GH). IGF-1 circulates in the 
blood bound to IGF-1 binding proteins (IGFBP's) and interacts with specific recep- 
tors on target tissue, such as liver and muscle. The majority of IGFBP-1 and IGFBP- 
3 is also believed to be produced in the liver. 

IGF-1 mediates the major effects of growth hormone, and is thus a primary mediator 
of growth after birth. IGF-1 has also been implicated in the actions of various other 
growth factors as treatment of cells with such growth factors leads to increased pro- 
duction of IGF-1. IGF-1 has insulin-like activities and are mitogenic (stimulate cell 
division) for the cells in neural tissue, muscle, reproductive tissue, skeletal tissue 
and a wide variety of other tissues. 

Unlike most growth factors, the IGF-1 is present in substantial quantity in the circu- 
lation, but as most circulating IGF-1 is bound to IGF-1 binding protein 3 (IGFBP-3), 
only a very small fraction of this IGF is free in the circulation or in other body fluids. 
IGF-1 may be measured in blood serum to diagnose abnormal growth-related con- 
ditions, e.g., pituitary gigantism, acromegaly, dwarfism, various growth hormone 
deficiencies, etc. Although IGF-1 is produced in many tissues, most circulating IGF- 
1 is believed to be synthesized in the liver. 

Almost ail IGF-1 circulates in a non-covalently associated ternary complex com- 
posed of IGF-1 , IGFBP-3, and a larger protein subunit termed the acid labile subunit 
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(ALS). This ternary complex is composed of equimolar amounts of each of the three 
components. ALS has probably no direct IGF binding activity and appears to bind 
only to the IGF/IGFBP-3 binary complex. The ternary complex comprising IGF, 
IGFBP-3 and ALS has a molecular weight of approximately 150 Kd. 

This ternary complex has been alleged to function in the circulation "as a reservoir 
and a buffer for IGF-1 that prevents rapid changes in the concentration of free IGF" 
(Blum et al., 1991, "Plasma IGFBP-3 Levels as Clinical Indicators" in Modem Con- 
cepts in Insulin-Like Growth Factors, E. M. Spencer, ed., Elsevier, New York, pp. 
381-393). 

The ternary complex is also believed to play an important role in the prevention of 
hypoglycemia due to high doses of IGFl, by binding IGF-1/IGFBP-3 complex and 
restricting its distribution (Zapf et al., 1994, "Intravenously Injected Insulin-like 
Growth Factor (IGF) l/IGF Binding Protein-3 Complex Exerts Insulin-like Effects in 
Hypophysectomized, but Not in Normal Rats", Clinical Investigation 95: 179-186). 
ALS is growth hormone-dependent, so hypophysectomized rats and other subjects 
with insufficient levels of growth hormone have little to noALS (Baxter, 1990, 1990, 
"Circulating Levels and Molecular Distribution of the Acid-labile (.alpha.) Subunit of 
the High Molecular Weight Insulin-like Growth Factor-Binding Protein Complex" J 
Clin. Endocrinol. 70(5): 1347-1353). 

As nearly all of the IGF-1 and IGFBP-3 in the circulation is in complexes, very little 
free IGF can be detected. Moreover, a high level of free IGF in blood is undesirable. 
High blood levels of free IGF lead to serious hypoglycemia, due to the insulin-like 
activities of IGF, as weil as other adverse side effects. In contrast to IGF-1 and 
IGFBP-3, there appears to be a substantial pool of free ALS in plasma which most 
likely forms a ternary complex with any IGF/IGFB-3 complex entering the circulation. 
However, it has been hypothesised that saturating free ALS by administration of 
high levels of IGF-1/IGFBP-3 also leads to hypoglycemia (Zapf et al., ibid). 

Although IGFBP-3 is the most abundant IGF binding protein in the circulation, at 
least five other distinct IGF binding proteins (IGFBPs) have so far been identified in 
various tissues and body fluids. Although these proteins bind IGF-1, they each origi- 
nate from separate genes and have distinct amino acid sequences. Thus, IGF-1 
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binding proteins are not merely analogs or derivatives of a common precursor. Un- 
like lGFBP-3, the other IGFBPs in the circulation are not saturated with IGF-1. None 
of the IGFBPs other than IGFBP-3 are apparently able to form the 150 Kd ternary 
complex with IGF-1 and ALS. 

The literature has ascribed to IGFBP-3 both a passive role as a carrier of IGF-1 ex- 
tending its circulatory half-life and an active role as a promoter of IGF-1 activity. For 
example, it has been disclosed by BioGrowth, inc. that IGFBP-3 significantly accel- 
erates healing in an animal wound-healing model and that the complex of IGF-1 and 
IGFBP-3 stimulates cortical and trabecular bone growth in rats in preliminary ex- 
periments, suggesting that the BP may be useful in treating osteoporosis. See Bio- 
venture View, Vol. IV, No. 1 {Jan. 31, 1989), pages 19-20. See also EP 294,021 and 
EP 375,438 disclosing use of IGFBP-3 in conjunction with IGF-1 to treat diseases 
such as osteoporosis and human GH deficiency, and to heal wounds and increase 
animal growth, including delivery to bony tissues to stimulate bone growth (e.g., p. 8 
of EP 294,021 and p. 11 of EP 375,438, in addition to WO 90/00569). However, no 
data are provided for these speculative uses. Talkington-Verser (Proceed. Intern. 
Symp. Control. Rel. Bioact. Mater. (1989), vol 16: 223-224) has suggested that 
IGFBP-3 (termed IGF-CP) may increase IGF-directed bone growth in rats. However, 
also in this case neither protocols nor experimental data were provided. 

Several reviews cast further doubt on the precise biological activities of the IGFBPs. 
For example, Zapf etai. (Growth Factors: From Genes to Clinical Application, Karo- 
linska Nobel Conference Series, Eds. Vicki Sara et al., (Raven Press 1990), p. 227) 
states that inhibitory as well as enhancing effects of IGF carrier proteins on IGF ac- 
tions have been observed in vitro (citing: DeMellow et al., Biochem. Biophys. Res. 
Comm., 156: 199-204 (1988); Elgin et al., Proc. Natl. Acad. Sci. USA, 84: 3254- 
3258 (1987); Knauerand Smith, Proc. Natl. Acad. Sci. USA, 77: 7252-7256 (1980); 
Meuii et al., Diabetologia, 14: 255-259 (1978); Schweiwiller et al., Nature, 323: 169- 
171 (1986). Zapf et al. further state that it is still unknown whether the different 
IGFBP species known thus far differ with respect to inhibiting or enhancing the bio- 
logical effects of IGF. 

On page 241 of the same book, Hall et al. state that, in general, IGFBP-1, similar to 
IGFBP-3, is found to inhibit IGF-1 stimulation of amino acid uptake and DNA syn- 
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thesis, citing, inter alia, Walton etai., P.S.E.B.M., 190: 315-319 (1989). 

Baxter (Comp. Biochem. Physiol., 91 B, 229-235 (1988), p. 232-233) stated that de- 
spite an increasing interest in IGFBPs, their functions are still poorly understood. 
Baxter points to some evidence that association with BPs may not always inhibit the 
activity of the IGFs and that ceil types producing the BPs might be able to enhance 
their IGF responsiveness in an autocrine fashion. Examples cited are that some high 
molecular weight complexes from human plasma retain biological activity in rat adi- 
pocyte assays for insulin-like activity, cultured human fibroblasts secrete a BP of 35 
kD that increases cell IGF binding, and a pure preparation of amniotic fluid BP sig- 
nificantly potentiates the effect of IGF-1 in stimulating DNA synthesis in porcine 
smooth muscle cells and fibroblasts from various species. Furthermore, it has been 
shown that IGFBP-3 blocks the hypoglycemic action of IGF-1 when administered 
subcutaneously together with the IGF-1 in a 1:1- ratio (Spencer et al., 2nd Interna- 
tional Symposium on Insulin-Like Growth Factors/Somatomedins, January 12-16, 
1991, program and Abstracts p. 269). 

In another hypothesis it has been suggested that IGFBPs are produced locally in all 
tissues to maintain locally produced IGF-1 near cells requiring the IGF-1, reducing 
the active role of IGF-1 bound to BPs and IGF-1 circulating in the blood (Isaksson et 
al., Endocrine Reviews (1987), vol. 8: 426-438). It has also been reported that IGF-1 
is produced locally in bone (Nilsson et al., Science (1986), vol. 233: 571-574; Niis- 
son et al., J. Endocr. (1989), vol. 122: 69-77. 

Furthermore, work by Conover (Prog. Abstract 186 presented at the 72nd Annual 
Meeting of Endocrine Society (June 1990)) reported in vitro data suggesting that the 
activity of the IGFBPs in enhancing the activity of IGF-1 is dependent on cells being 
exposed to the BPs alone. No response to IGF-1 was observed in ceils incubated 
with pre-mixed BP and IGF-1. If the BP ifself was initially incubated with the ceils 
and followed by addition of IGF-1, the activity of the added IGF-1 was enhanced. 
These data suggest that co-mixing IGF and a IGFBP and co-injecting the complex 
would not result in an enhancement of the activity of the IGF-1. 
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The below-listed patents and patent applications disclose various methods of treat- 
ment involving administration of IGF-1. Treatment of acute and chronic liver disease, 
including cirrhosis, as described herein is not disclosed. 

WO 99/24062 (Chiron Corp.) relates in one aspect to a highly concentrated IGF-1 
composition comprising biologically active IGF-1 in a concentration of at least 250 
mg/ml. Also disclosed is a suggested method of therapy for an IGF-1 responsive 
condition in an individual. The method comprises administration to the individual of a 
pharmaceutical composition comprising a highly concentrated form of biologically 
active IGF-1 present in a concentration of at least about 250 mg/ml. Hepatic cirrho- 
sis appears along with acute and chronic liver failure among a large number of con- 
ditions that are hypothesised as being responsive to iGF-1 . The authors suggest 
treating liver cirrhosis in an individual by administration to the individual of pharma- 
ceutical compositions comprising at least about 250 mg/ml IGF-1. Treatment of 
acute and chronic liver disease including cirrhosis in an individual involving admini- 
stration to the individual of IGF in pharmaceuticaliy effective daily amounts of about 
100 u.g to 250 ug per kg body weight is not disclosed. 

US 6,034,059 (Chiron Corp.) relates to a method for the treatment of a catabolic 
state in a patient and involves administration to the patient of IGF-1 in conjunction 
with a hypocaloric diet. It is reported that administration of IGF-1 will be useful in 
treating conditions such as chronic bowel disease, e.g. Crohns disease, protein los- 
ing enteropathies, short gut syndromes, postgastroenteritic malabsorption states, 
cystic fibrosis, chronic or acute pancreatitis, and hepatitis. As acute or chronic liver 
disease will induce GH resistance, IGF-1 in combination with a hypocaloric diet may 
be particularly valuable in acute hepatic failure, where protein loading can be dan- 
gerous, and in catabolic conditions associated with chronic liver disease. Treatment 
of acute and chronic liver disease including cirrhosis in an individual involving ad- 
ministration of IGF to the individual is not disclosed. 

US 5,492,891 (Novo Nordisk A/S) relates to a method for treating an individual with 
alcoholic cirrhosis of the liver and consequently very low concentrations of IGF-1 in 
the blood, in spite of increased growth hormone concentrations. The treatment com- 
prises periodically injecting the individual with human growth hormone in order to 
increase the level of IGF-1 in the blood of the individual. Treatment of acute and 
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chronic liver disease including cirrhosis in an individual involving administration of 
IGF to the individual is not disclosed. 

US 5,824,642 (Genentech, Inc.) relates to a method for increasing the growth rate 
of a human patient having partial growth hormone insensitivity syndrome, but not 
Laron syndrome. The patient is characterized as having i) a height of less than 
about -2 standard deviations below normal for age and sex, ii) a serum level of high- 
affinity growth hormone binding protein that is at least 2 standard deviations below 
normal levels, iii) a serum level of IGF-1 that is below normal mean levels, and iv) a 
serum level of growth hormone that is at least normal. One method according to the 
invention comprises administering an effective dose of a growth hormone to a pa- 
tient. Also disclosed is a treatment with an effective amount of IGF-1 in the absence 
of growth hormone administration. Treatment of acute and chronic liver disease in- 
cluding cirrhosis in an individual involving administration of IGF to the individual is 
not disclosed. 

US 5,681,814 (Genentech, Inc.) relates to a formulation for IGF-1 that is useful in 
treating hyperglycemic disorders and, in combination with growth hormone, in en- 
hancing growth of a mammal. It is disclosed that IGF-1 is a polypeptide naturally 
occurring in human body fluids, and that especially the liver produces IGF-1 together 
with specific IGF-binding proteins. IGF-1 has been isolated from human serum and 
produced recombin antly (EP 123,228 and EP 128,733). IGF-1 is a potent anabolic 
protein (Tanner et al., Acta Endocrinol., 84: 681-696 (1977); Uthne et al., J. Clin. 
Endocrinol. Metab., 39: 548-554 (1974)). An intravenous bolus injection of IGF-1 is 
known to lower blood glucose levels in humans (Guler et al., N. Engl. J. Med., 317: 
137-140 (1987), and IGF-1 also promotes growth in several metabolic conditions 
characterized by low IGF-1 levels, such as i) hypophysectomized rats (Guler et al., 
Endocrinology, 118: Supp 129 abstract; Skottneret al., J. Endocr., 112: 123-132 
(1987); Guler et al., Proc. Natl. Acad. Sci. USA, 85: 4889-4893 (1988); Froesch et 
al., in Endocrinology, Intl. Congress Series 655, ed. by Labrie and Proulx (Amster- 
dam: Excerpta Medica, 1984), p. 475-479!, ii) diabetic rats (Scheiwiller et al., Nature, 
323: 169-171 (1986)), and iii) dwarf rats (Skottner et al., Endocrinology, 124: 2519- 
2526 (1989)). The kidney weight of hypophysectomized rats increases substantially 
upon prolonged infusions of IGF-1 subcutaneously (Guler et al., Proceedings of the 
1st European Congress of Endocrinology, 103: abstract 12-390 (Copenhagen, 
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1987)). IGF-1 is also known to improve glomerular filtration and renal plasma flow in 
human patients (EP 327,503 published Aug. 9, 1989; Guier et a!., Proc. Natl. Acad. 
Sci. USA, 86: 2868-2872 (1989)). The IGF-1 formulation of the invention is sug- 
gested to be useful for treatment of any condition that would benefit from treatment 
with IGF-1, including, for example, diabetes, chronic and acute renal disorders, such 
as chronic renal insufficiency, necrosis, etc., obesity, hyperinsulinemia, GH- 
1 nsufficiency, Turner's syndrome, short stature, undesirable symptoms associated 
with aging such as increasing lean mass to fat ratios, immuno-deficiencies including 
increasing CD4 counts and increasing immune tolerance, catabolic states associ- 
ated with wasting, etc., Laron dwarfism, insulin resistance, and the like. The IGF-1 
formulation also has an increased potency in treating humans with hyperglycemic 
disorders - including all forms of diabetes, such as type I and type II diabetes, as 
well as hyperinsulinemia and hyperlipidemia - by reducing their glucose levels. 
Treatment of acute and chronic liver disease including cirrhosis in an individual in- 
volving administration of IGF to the individual is not disclosed. 

US 5,273,961 (Genentech, Inc.) relates to a method for prophylactic treatment of 
mammals at risk for acute renal failure, whether due to renal ischemia or nephro- 
toxic damage. The method involves administering to the mammal, before or at the 
time that the acute renal failure is expected to occur or is occurring, an effective 
amount of IGF-1 . Initiation of IGF administration after acute renal damage is ex- 
pected to occur or has occurred is disclaimed. However, the administration of IGF-1 
may be continued after acute renai damage is expected to occur or is occurring. 
Acute renal failure in the form of ischemic renal injury or nephrotoxic damage is par- 
ticularly mentioned. IGF-1 may be administered together with any one or more of its 
binding proteins, i.e. any one or more of IGFBP-1, IGFBP 2, IGFBP-3, IGFBP-4, 
IGFBP-5, or IGFBP-6. The preferred binding protein for IGF-1 is IGFBP-3 (disclosed 
in WO 89/09268 and by Martin and Baxter, J. Biol. Chem., 261: 8754-8760 (1986)). 
The glycosylated IGFBP-3 protein forms part of a glycoprotein complex found in 
human plasma that carries most of the endogenous IGFs. It is also regulated by 
growth hormone. Renal tissue is described as being very responsive to IGF-1 due to 
high concentrations of IGF-1 receptors on renal cell membranes (Hammerman, Am 
J. Physiol., 257: F503-F514 (1989); Rogers and Hammerman, Proc. Natl. Acad. Sci. 
USA. 86: 6363-6366 (1989); Hammerman and Gavin, Am. J. Physiol., 251: E32-E41 
(1986); Pillion et a!., Am. J. Physiol., 255: E504-E512 (1988); Hammerman and 
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Rogers, Am. J. Physiol., 253: F841-F847 (1987)}. It is further disclosed that elevated 
levels of circulating GH is associated with increased renal plasma flow and glo- 
merular renal flow. Measures of renal hemodynamics rise within several hours after 
a single injection of growth hormone, at about the same time that serum IGF-1 con- 
centrations increase. In particular, IGF-1 is reported to i) increase glomerular filtra- 
tion and renal plasma flow (Guler et al., Proc. Natl. Acad. Sci. USA, 86: 2868-2872 
[1989]), and ii) stimulate renal phosphate transport and plasma 1,25- 
dihydroxyvitamin D 3 (Caverzacio et al., Endocrinol., 127: 453-459 (1990)). Also, a 
short term infusion of IGF-1 alone into rats fasted for 60-72 hours was found to in- 
crease glomerular filtration rate (Hirschberg and Koppe!, J. Clin. Invest, 83: 326-330 
(1989); Hirschberg et al., J. Clin. Invest, 87: 1200-1206 (1991)). Administration of 
IGF-1 to humans is also reported to elevate glomerular filtration rate and renal 
plasma flow (Guler et al., Acta Endocrinol., 121: 101-106 (1989); Froesch et al., 
Trends in Endocrinology and Metabolism, p. 254-260 Vol. 1, Issue 5 (Elsevier Sci- 
ence Pub. Co., 1990); U.S. Pat. No. 5,106,832). Treatment of acute and chronic 
liver disease including cirrhosis in an individual involving administration of IGF to the 
individual is not disclosed. 

US 5,187,151 (Genentech, Inc.) relates to a method for producing an anabolic state 
in a mamma! by co-administration of a combination of effective amounts of IGF-1 
and an IGF binding protein in a defined molar ratio in the absence of growth hor- 
mone. The aim is to produce a greater anabolic response in the mammal than that 
achieved when using IGF-1 alone in an amount equal to that used for IGF-1 in the 
combination. The method involves co-administering the IGF-1 and IGFBP in a molar 
ratio of IGFBP to IGF-1 of about 0.5:1 to 3:1 by subcutaneous (sc) bolus injection. 
The IGF-1 and IGFBP mixture to be used in the therapy will be formulated and 
dosed in a fashion consistent with good medical practice, taking into account, . 
among others, the particular growth defect or catabolic state to be corrected, and 
the particular IGFBP being utilized. Treatment of acute and chronic liver disease 
including cirrhosis in an individual involving administration of IGF to the individual is 
not disclosed. 

US 5,948,757 (Celtrix Pharmaceuticals, Inc.) relates to a method for providing 
high dose IGF-1 therapy by administering a complex of IGF-1 and IGFBP-3. The 
IGF-1/IGFBP-3 complex is reported to be administered in unexpectedly high doses 
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without inducing IGF-1 -related side effects, it is desirable to give high dose IGF-1 
therapy by administering IGF-1/IGFBP-3 complex to an individual because of the 
increased efficacy achieved. Among the many indications suggested to be re- 
sponding to IGF treatment is acute and chronic renal disorders as well as catabolic 
conditions arising e.g. from trauma, severe burns, and major surgery (Clemmons 
and Underwood (1994, "Uses of Human Insulin-like Growth Factor-1 in Clinical 
Conditions" J Clin. Endocrinol. Metabol. 79(1): 4-6). Also, Miller et a!, reported on 
the effects of IGF-1 on renal function in end-stage chronic renal failure (Miller et al. 
(1994), Kidney International 46:201-207). It is stated that conditions allegedly re- 
sponding to high dose IGF-1 therapy are those generally responding to administra- 
tion of IGF-1. According to the patent, such conditions include, but are not limited to: 
neurological disorders such as amyotrophic lateral sclerosis, Charcot-Marie-Tooth 
Syndrome, diabetic neuropathy, and drug-Induced neuropathy (such as peripheral 
neuropathy induced by chemotherapeutic agents including vincristine, cisplatin, and 
the like), and pulmonary disorders such as chronic obstructive pulmonary disease; 
renal disorders such as glomerulonephritis, glomerulosclerosis, interstitial nephritis, 
acute tubular necrosis, diabetic nephropathy, autoimmune nephropathy, and acute 
and chronic renal failure; growth disorders such as growth hormone insufficiency, 
hypopituitarism, growth hormone resistance and Laron dwarfism; recovery from 
bodily insults, such as recovery from trauma, burns, bone fractures or surgery; gas- 
trointestinal disorders such as short bowel syndrome and pancreatic disease; rever- 
sal of catabolism in subjects with acquired immune deficiency syndrome (AIDS), 
cancer cachexia, or steroid-Induced catabolism (such as can occur as a result of 
long term steroid therapy for disorders such as asthma, autoimmune disease, in- 
flammatory bowel disease, immune suppression for organ transplantation, and 
rheumatoid diseases); bone disorders such as osteoporosis, osteopetrosis, osteo- 
genesis imperfecta, and Paget's disease; reproductive disorders such as hypogo- 
nadotropic hypogonadism, male infertility, failure of gamete maturation, and poly- 
cystic ovarian disease; and hematopoietic disorders such-as anemia, plasma cell 
dyscrasias, erythropoietin insensitivity and deficient total hemoglobin. Treatment of 
acute and chronic liver disease including cirrhosis in an individual involving admini- 
stration of IGF to the individual is not disclosed. 

US 5,723,441 (Celtrix Pharmaceuticals, Inc.) relates to a treatment with 
IGF/IGFBP-3 complex that increases renal tubular mass and potentiates and/or 
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stimulates kidney function in subjects suffering from acute and chronic renal failure 
or renal insufficiency resulting from disorders such as glomerulonephritis, glomeru- 
losclerosis, interstitial nephritis, acute tubular necrosis due to ischemia and drug- 
Induced toxicity, diabetic and autoimmune nephropathies and renal dysfunction due 
to acute and chronic rejection episodes in post-transplantation patients. The main 
patent claim is limited to a method of treating diabetic nephropathy or autoimmune 
nephropathy in an individual. Conditions responding to treatment with IGF are al- 
leged to include acute or chronic renai failure, resulting from diabetes, ischemia, 
drug induced toxicity, post-transplantation rejection with or without the need for di- 
alysis; glomerulonephritis; glomerulosclerosis; interstitial nephritis; and acute tubular 
necrosis. Patients may have physical findings such as anuria, lethargy, coma and 
decreased general growth rate. Indicative laboratory results include increased 
plasma levels of creatinine, urea and uric acid (BUN), proteinuria, decreased GFR, 
RPF and renal size as determined by urogram, altered acid/base balance and 
changes in urine specific gravity. Treatment of acute and chronic liver disease in- 
cluding cirrhosis in an individual involving administration of IGF to the individual is 
not disclosed. 

US 6,071,880 (Dalhousie Univeristy) relates to a method for the treatment of 
chronic renal insufficiencies and related chronic indications in mammals, employing 
IGF-1 as the active agent. IGF-1 is reported to be an effective agent for enhancing 
kidney development in an individual suffering from chronic organ injury. Examples of 
a renal insufficiency include renal dysplasia, renal hypoplasia, congenital renal 
anomaly, and acute renal failure. There are also provided methods to enhance kid- 
ney development in individuals suffering from chronic organ injury. Individuals for 
whom enhanced kidney development is indicated include adults who have under- 
gone transplantation of a small kidney (wherein further growth of the organ is ab- 
lated), subjects who suffer from renal tubule poisoning, and subjects who have un- 
dergone chemotherapy, such as e.g. cancer patients. Treatment of acute and 
chronic liver disease including cirrhosis in an individual involving administration of 
IGF to the individual is not disclosed. 

US 5,783,559 (Pharmacia & Upjohn AB) relates to a stable, isotonic, injectable 
and long term stable solution consisting essentially of IGF-1 and a phosphate buffer 
in an amount of from 5 to 20 mmol and having a pH of from 5.5 to 6.5. Treatment of 
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acute and chronic liver disease including cirrhosis in an individual involving admini- 
stration of IGF to the individual is not disclosed. 

US 5,756,463 (Pharmacia & Upjohn AB) relates to a method for counteracting i) a 
decrease in nitrogen balance and ii) a decrease in protein synthesis in an individual, 
and the method comprises administration to an individual of a combination of insulin 
and IGF-1 . In particular the invention is directed to a treatment of one or more of i) 
protein catabolism due to glucocortoid excess , ii) cardiac disease, iii) insulin- 
resistance, and iv) liver disease. The individual in question may have a high serum 
level of IGFBP1 or a high serum level of low molecular weight binding proteins. 
Treatment of acute and chronic iiver disease including cirrhosis in an individual in- 
volving administration of IGF to the individual is not disclosed. 

US 5,466,670 (Pharmacia AB) relates to the use of IGF-1 for the manufacture of a 
medicament for treatment of Type 1 diabetes mellitus. The medicament comprises a 
subcutaneous dose not greater than needed to achieve an IGF-1 serum level char- 
acteristic for healthy individuals, i.e. a physiological replacement of serum IGF-1. It 
is stated that the invention provides a physiological restoration of circulating IGF-1 
levels and gives reduced growth hormone levels through a feed back mechanism. 
This normalisation of the levels of growth hormone and IGF-1 leads to an increased 
sensivity for insulin and to a reduction in the rapid increase in the morning blood 
glucose levels seen in type 1 diabetics. 

It is reported that a!! subjects participating in the studies that generated the results 
on which the invention is based had a diabetes duration of at least 5 years (range 5- 
10 years), and all subjects were in good health with normal hepatic and renal func- 
tion. In a disclosure of the background art it is noted that large doses of hlGF-1 
lower blood glucose in non-diabetic animals and humans (Zapf J. et al. J Clin- 
Invest, Jun Vol:77(6) (1986) 1768-75 and Guler H-P et al, N Engl. J. Med, 317 
(1987) 137-140). The glucose lowering effect of IGF-1 is reported to be mediated 
primarily by an increased glucose uptake, whife glucose production rates are un- 
changed. The relative paucity of IGF-1 receptors in adult liver may explain this find- 
ing (Caro J. F. et al., J. Clin. Invest, 81 (1988) 976-981). !t is stated that it is likely 
that the effects of IGF-1 are largely mediated through muscle. Similar distinctions in 
the distribution of receptors are thought to explain the less potent antilipolytic effects 
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of IGF-1 as compared to insulin both in vitro (Bolinder et ai, J. Clin. Endocrinol. Me- 
tab, 65, (1987) 732-737) and in vivo (Zapf J. et al. 1986, Guler H-P et al. 1987, 
Giacca A et al. 1990). IGF-1 is also described as leading to a decreased proteolysis 
and reduced amino acid levels in non-diabetic rats (Jacob R. et al., J Clin. Invest, 
83, (1989) 1717-1723). Treatment of acute and chronic liver disease including cir- 
rhosis in an individual involving administration of IGF to the individual is not dis- 
closed. 

US 5,434,134 (Pharmac IA AB) relates to a method for increasing cardiac muscle 
protein synthesis and for treating cardiomyopathies, acute heart failure or acute in- 
sult In particular the invention is directed to a method for prevention of cardiomy- 
opathies following drug administration, inflammation, infection, sepsis orischaemia. 
Treatment of acute and chronic liver disease including cirrhosis in an individual in- 
volving administration of IGF to the individual is not disclosed. 

US 5,068,224 (KabiVitrum AB) relates to a method for improving the regeneration 
of transected peripheral nerves in an individual by administering a sufficient amount 
of insulin-like growth factor 1 (IGF-1 ) to the individual. Treatment of acute and 
chronic liver disease including cirrhosis in an individual involving administration of 
IGF to the individual is not disclosed. 

Several investigators have examined the effects of IGF-1 in rats with cirrhosis in- 
duced by repeated administration of carbon tetrachloride (a hepatotoxin) and Phe- 
nobarbital (upregulates hepatic enzymes which metabolise carbon tetrachloride, 
thereby producing more severe and reproducible hepatic injury). In this model, IGF- 
1 in low dose a) reverses insulin resistance as assessed by glucose clamp studies 
(Petersen 1997), b) increased food intake, efficiency of food utilisation, and im- 
proves nitrogen balance (Picardi 1997), c) improves intestinal absorption of galac- 
tose (Castilla-Cortazar 1997), d) improves biochemical markers of liver function (e.g. 
serum albumin concentration) and reduces hepatic fibrosis when administrated con- 
comitantly with tetrachloride/Phenobarbital and after induction of cirrhosis (Castilla- 
Cortazarl 997). Pascual have reported an altered intestinal transport of amino acids 
in cirrhotic rats and studied the effect of insulin-like growth factor- 1 : Am J Physiol 
Gastrointest Liver Physiol. 2000 Aug;279(2):G319-24). 
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In each case the analysed rats had acquired - within a short period of time - an ex- 
perimentally (chemically) induced cirrhosis. Such a model is incompatible with clini- 
cal reality, neither with respect to analysed species - humans versus rodents - nor 
with respect to the disease in question, as human cirrhosis develops over a period 
of years, mostly due to alchohol abuse, whereas the artificially generated cirrhosis in 
rats has been induced over a few weeks by exposing the rats to extremely high 
doses of a chemical toxin. It is a fact that both histologically and clinically there are 
very significant differences between experimental cirrhosis in animals and liver cir- 
rhosis in humans. 

The difficulties experienced by the skilled artisan wishing to evaluate histologically 
and clinically any disease caused by different means in different species is conse- 
quently quite overwhelming. This is also dempnstrated by the fact that experienced 
medical researchers would not attempt to perform a direct extrapolation of results 
obtained from an animal study to results obtained from treating a different kind of 
species - such as human beings. The skilled artisan would recognise that an animal 
study, and in particular a study involving rodents, differ quantitatively, qualitatively 
and clinically compared to a study of humans. 

The skilled artisan will also be aware that one primary purpose of using animals in 
medical research is that such research may - at the most - generate a mere hy- 
pothesis capable of being further investigated in a study of humans. The fact that 
only a hypothesis can be established is supported by data from the pharmaceutical 
industry according to which more than 90% of all clinical trials do not enter clinical 
phase 3 in spite of promising results obtained from animal studies. This clearly 
demonstrates how difficult it is to extrapolate results from animal studies to the clini- 
cal realities of the real world involving medical treatment of human beings. 

The complexities of liver disease are evident from a study of Caregaro (Nutritional 
and prognostic significance of insulin-like growth factor 1 in patients with liver cirrho- 
sis: Nutrition. 1997 Mar; 13(3): 185-90), who concluded that a reduction of IGF-1 in 
connection with liver disease is probably caused by multiple factors, most of which 
are related to the severity of the disease in question. Furthermore, the action of IGF- 
1 is modulated by several binding proteins which are themselves subject to a com- 
plex pattern of regulation. 
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Castilla-Cortazar (1997, ibid.) reported that although subcutaneous administration of 
very low doses of iGF-1 (20 microgram (jig) IGF-1 per kilogram body weight per 
day) did not result in any overall increase in overall levels of IGF-1, subcutane ad- 
ministration of IGF-1 in the above-mentioned amounts induced significant changes 
in the pattern of IGF binding proteins acting as critical modulators of the biological 
actions of IGF-1. Similarly low doses of IGF-1 (20 jag IGF-1 per kilogram body 
weight per day) have also been administered subcutaneously by Picardi (ibid.) and 
Castilla-Cortazar (2000, ibid.). 

A study by Donaghy (Growth hormone, insulinlike growth factor-1, and insulinlike 
growth factor binding proteins 1 and 3 in chronic liver disease: Hepatology. 1995 
Mar;21 (3):680-8) showed that in chronic iiver disease there are significant changes 
in the levels of two of the major IGF-1 binding proteins, IGF-1 binding protein 1 
(IGFBP-1) and IGF-1 binding protein 3 (IGFBP-3), respectively, and the study con- 
cluded that these changes may further limit the bioavailability of already low levels of 
circulating IGF-1. In particular the levels of IGFBP-3 were low in the individuals ex- 
amined. 

Low circulating levels of IGFBP-3 do not appear to be caused by a reduced gene 
transcription or an increased protease activity, and Ross (Expression of IGF-1 and 
IGF-binding protein genes in cirrhotic liver: J Endocrinol. 1996 May;149(2):209-16) 
showed that hepatocytes remain transcriptionally active in cirrhosis, and that 
mechanisms apart from lack of expression may be responsible for the observed low 
levels of IGF-1 and IGFBP-3. Likely mechanisms could possibly affect translational 
alterations and/or modify the half-life of circulating IGF-1 and IGFBP-3. 

Reduced levels of IGFBP-3 have not been observed in all cases. Picardi (ibid.) re- 
ported increased levels of IGFBP-3 in sera from cirrhotic rats and stated that ac- 
cording to current state of the art thinking, increased IGFBP-3 may reduce the tissue 
availability of IGF-1 by preventing interaction between the hormone and its tissue 
receptor. 

In contrast to the low levels of IGFBP-3 reported by Donaghy (ibid.), a study by 
Kratzsch (Regulation of growth hormone (GH), insulin-like growth factor (IGF)I, IGF 
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binding proteins -1,-2, -3 and GH binding protein during progression of liver cirrho- 
sis: Exp Clin Endocrinol Diabetes. 1995;103(5):285-91) showed that IGFBP-1 and 
IGFBP-2 levels were significantly elevated in preterminal liver disease suggesting an 
upregulatory mechanism is still effective in this situation. Only when liver function 
had markedly deteriorated, the serum levels of these two parameters decreased 
again, possibly due to an impaired synthesis. 

Summary of the Invention 

The present invention relates to fGF-1 treatment of an individual, such as e.g. a hu- 
man being, suffering from an acute or chronic liver disease including hepatic cirrho- 
sis. The efficacy of the present invention is demonstrated by a series of clinical trials 
performed with administration of IGF-1 to patients suffering from acute or chronic 
liver disease including cirrhosis. Recombinant human IGF-1 (rh IGF-1) has never 
before been tested in a human being suffering from liver cirrhosis. 

Acute and chronic liver disease according to the invention are characterized by low 
circulating IGF-1 and IGFBP3 levels. As IGF-1 is reported to be an important ana- 
bolic hormone, this may contribute to the compromised carbohydrate metabolism of 
liver cirrhotic patients and the deranged amino acid metabolism. These metabolic 
disturbances leads to malnutrition which - according to the present invention - repre- 
sents one important independent variable for the survival of patients with liver cir- 
rhosis. 

Circulating IGF-1 levels are only about one-half to one-third of the normal levels in 
patients with clinically evident cirrhosis of all types, and the concentration decreases 
progressively with worsening of Child-Pugh score (Comfriez 1991, Cuneo 1995, 
Assy 1997, Scheuf 1996, Donaghy 1997). Growth hormone levels, by contrast, in- 
crease progressively in patients with more advanced disease and are increased up 
to several fold, in Child-Pugh class C patients (Scheuf 1997), and the IGF-1 re- 
sponse to exogenous GH are nearly absent. Doses of GH which produce a near 
doubling of total IGF-1 levels in normal subjects produce only about 10% increase in 
Child-Pugh C class patients (Assy 1997). 
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The decline in circulating total IGF-1 concentration may well reflect a loss of liver 
function, and IGF-1 concentrations have been shown to correlate with serum albu- 
min concentrations and to be an independent predictor of survival in a cohort of 354 
cirrhotics followed prospectively (Ivteller 1996). Although IGFBP-3 levels are also 
decreased in patients with cirrhosis, the concentration of free IGF-1 is decreased in 
rough proportion to total IGF-1 levels (Assy 1997). Cirrhotic patients have therefore 
low circulating concentrations of total and free IGF-1 as well as low IGFBP-3 con- 
centrations. 

Collectively, these findings suggest that the progressively decline in total circulating 
IGF-1 levels and IGF-1 bioactivity (i.e.free IGF-1) in cirrhosis reflect a progressive 
decline in liver function, and IGF-1 levels, as well as the IGF-1 response to GH, 
have been proposed for assessing liver function and prognosis (Assy 1997, Ivteller 
1996). 

Patients with cirrhosis and malnutrion exhibit certain metabolic features normally 
characteristic of prolonged fasting. Endogenous glucose production due to hepatic 
gluconeogenesis is dramatically increased in both rats rats with experimental cirrho- 
sis and in human cirrhotics, and proteolysis of muscle is increased, helping to fuel 
hepatic gluconeogenesis. This contributes to the hyperaminoacidemia often seen in 
these patients. (Petersen 1997, Petersen 1998). Unlike the normal situation, how- 
ever, serum levels of insulin and glucose tend to be high rather than low (Shnueli 
1992, Peterson 1997), findings characterisitic of insulin resistance. 

Cirrhosis is characterized by a significant reduction in peripheral glucose disposal 
into muscle, in addition to failure of the normal insulin-mediated suppression of 
muscle proteolysis and hepatic gluconeogenesis (Peterson 1997). The basis for the 
observed insulin resistance is unknown, but possibilities include diminished level of 
iGF-1, high levels of glucagons or cathecolamines (Petersen 1997). Glucose clamp 
studies suggest that neither glucagons nor GH can account for the the insulin resis- 
tance in cirrhosis (Petersen 1997, Shmueli 1996). 

IGF-1 deficiency is one plausible contributing factor to the catabolic state seen in 
cirrhosis. According to one proposed hypothesis according to the present invention, 
the anabolic effects of IGF-1 with respect to i) carbohydrate metabolism (promotes 
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glucose uptake and glycogen formation by muscle, inhibits hepatic gluconeogene- 
sis), and ii) protein metabolism (inhibits proteolysis, promotes amino acid synthesis 
and net protein build up in muscle) will benefit patients with cirrhosis. Additionally, 
IGF-1 therapy might well be expected to result in a decrease of GH levels, which 
might in turn decrease GH induced insulin resistance. 

Although it has long been recognised that the growth hormone(GH)-IGF-1 axis is 
deranged in cirrhosis, the clinical trials disclosed herein represent the first system- 
atic study of administration of recombinant, human IGF-1 to patients with chronic 
liver disease including cirrhosis. Patients with liver cirrhosis were treated with IGF-1 
for one week and found marked improvement in both carbohydrate and amino acid 
metabolism. By combining IGF-1 with IGFBP3 it is hypothesised that the the biologi- 
cal effect of IGF-1 will be enhanced as IGF-1 on its own has a short half-life in cir- 
culation. 

According to one preferred embodiment of the present invention, IGF-1 is adminis- 
trered to a human being subcutaneously, preferably in the thigh or the abdominal 
skin, and preferably in two daily doses of about 50 microgram/kg twice a day. The 
present invention demonstrates that this dosis regime is able to restore normal IGF- 
1 levels in patients with liver cirrhosis, and the dose is weli-tolerated by the patients. 

In other aspects the invention is directed to treatment of an individual, preferably a 
human being, suffering from i) a liver disease occurring as a consequence of dia- 
betes mellitus, and/or ii) diabetes mellitus and abnormalities of glucose homeostasis 
occurring as a complication of liver disease, and/or iii) liver disease occurring coinci- 
dentally with diabetes mellitus and/or abnormalities of glucose homeostasis. 

The importance of the present invention is illustrated by the fact that the prevalence 
of type 1 diabetes in the United States is -0.26%. The prevalence of type 2 diabetes 
is far higher, -1-2% in Caucasian Americans and up to 40% in Pima Indians. Ac- 
cording to the Centers for Disease Control and Prevention, hepatitis C alone chroni- 
cally infects more than 1.8% of the American population, or more than 4 million peo- 
ple. It would not be unusual for these two diseases to occur by chance in the same 
person, which explains in part a possible association between the occurence of liver 
disease and diabetes mellitus. 
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In order to fully understand the scope of the present invention, one must first con- 
template the complexities of liver metabolism. The liver piays a central and crucial 
role in the regulation of carbohydrate metabolism. Its normal functioning is essential 
for the maintenance of blood glucose levels and of a continued supply to organs that 
require a glucose energy source. This central role for the liver in glucose homeosta- 
sis offers a clue to the pathogenesis of glucose intolerance in liver diseases, but little 
insight into the mechanisms of liver disease in diabetes mellitus. 

The Role of the Liver in Glucose Homeostasis 

An appreciation of the role of the liver in the regulation of carbohydrate homeostasis 
is essential to understanding the many physical and biochemical alterations that 
occur in the liver in the presence of diabetes and to understanding how liver disease 
may affect glucose metabolism. It will then be clear how treatment of a liver disease 
according to the present invention may also affect diseases associated with glucose 
metabolism. The diseases and indications described herein below are meant as an 
illustration of the conditions and illnesses in an individual, such as e.g. a human be- 
ing, that may be subjected to treatment according to the present invention. 

The liver uses glucose as a fuel and also has the ability to store it as glycogen and 
synthesize it from noncarbohydrate precursors (gluconeogenesis). Mann and Ma- 
gath demonstrated that a total hepatectomy in a dog results in death within a few 
hours from hypoglycemic shock, 1,2 underscoring the important role the liver plays in 
maintaining normoglycemia. 



Glucose absorbed from the intestinal tract is transported via the portal vein to the 
liver. Although the absolute fate of this glucose is still controversial, some authors 
suggest that most of the absorbed glucose is retained by the liver so that the rise in 
peripheral glucose concentration reflects only a minor component of postprandial 
absorbed glucose. Therefore, it is possible that the liver plays a more significant role 
than does peripheral tissue in the regulation of systemic blood glucose levels fol- 
lowing a meal. 3 Katz and associates, 4 however, suggest that most absorbed glucose 
is not taken up by the liver but is rather metabolized via glycolysis in the peripheral 
tissues. 



P479 US01 



20 



Many cells in the body, including fat, liver, and muscle ceils, have specific cell mem- 
brane insulin receptors, and insulin facilitates the uptake and utilization of glucose 
by these cells. Glucose rapidly equilibrates between the liver cytosol and the extra- 
cellular fluid. Transport into certain cells, such as resting muscle, is tightly regulated 
by insulin, whereas uptake into the nervous system is not insulin-dependent. 

G/ucose can be used as a fuel or stored in a macromolecular form as polymers: 
starch in plants and glycogen in animals. Glycogen storage is promoted by insulin, 
but the capacity within tissues is physically limited because it is a bulky molecule. 
Insulin is formed from a precursor molecule, preproinsulin, which is then cleaved to 
proinsulin. Further maturation results in the conversion of proinsulin into insulin and 
a smaller peptide called C-peptide. A small amount of proinsulin enters the circula- 
tion. It has a half-life 3-4 times longer than that of insulin because it is not metabo- 
lized by the liver. However, proinsulin has <10% of the biological activity of insulin. 

Insulin is metabolized by insulinase in the liver, kidney, and placenta. About 50% of 
insulin secreted by the pancreas is removed by first-pass extraction in the liver. In- 
sulin promotes glycogen synthesis (glycogenesis) in the liver and inhibits its break- 
down (glycogenolysis). It promotes protein, cholesterol, and triglyceride synthesis 
and stimulates formation of very-low-density lipoprotein cholesterol. It also inhibits 
hepatic gluconeogenesis, stimulates glycolysis, and inhibits ketogenesis. The liver is 
the primary target organ for glucagon action, where it promotes glycogenolysis, glu- 
coneogenesis, and ketogenesis. 5,6 

Glucose that is taken up by a ceil may be oxidized to form energy (glycolysis). It is 
oxidized to pyruvate in the cytosol, and electrons generated from this process are 
transferred to the mitochondria. Pyruvate generated by this Emden-Meyerhof path- 
way is oxidized to acetyl CoA in the mitochondria, which in turn undergoes further 
oxidation by the Krebs tricarboxylic acid cycle. Nearly 36 moles of high energy 
phosphate are generated from each molecule of glucose by aerobic glycolysis. 
Should oxygen not be available, pyruvate is converted to lactate by the action of 
lactate dehydrogenase. Lactate is a potential fuel, or it may be converted back to 
glucose. The formation of glucose from lactate and various noncarbohydrate precur- 
sors is known as gluconeogenesis and occurs mainly in the liver and kidneys. 
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The liver, kidney, intestine, and platelets contain the enzyme glucose-6- 
phosphatase, which produces glucose from glucose-6-phosphate and is the final 
step in the production of glucose via gluconeogenesis. This enzyme is absent in 
other tissues. Glucose that is metabolized peripherally may therefore be converted 
back to glucose or to hepatic glycogen via gluconeogenesis with lactate as the pri- 
mary substrate. 7 This is known as the Cori cycle. 

In type 2 diabetes, excessive hepatic glucose output contributes to the fasting hy- 
perglycemia. Increased gluconeogenesis is the predominant mechanism responsi- 
ble for this increased glucose output, while glycogenolysis has not been shown to be 
increased in patients with type 2 diabetes. 8 Hyperglucagonemia has been shown to 
augment increased rates of hepatic glucose output, probably through enhanced glu- 
coneogenesis. 

Liver Disease Occurring as a Consequence of Diabetes Mellitus 
Glycogen Deposition 

Excess glycogen accumulation in the liver is seen in 80% of diabetic patients. 9 Gly- 
cogen synthesis in the liver is impaired in diabetes due to defective activation of 
glycogen synthase. However, studies attesting to this were usually performed on 
animals with recently induced diabetes. In patients with chronic diabetes, glycogen 
accumulation is seen, and it is postulated that long-standing insulin deficiency may 
actually facilitate synthase activity. This and enhanced gluconeogenesis may ac- 
count for the net accumulation of glycogen in diabetes. 10 

The mechanism of cytoplasmic glycogen deposition is uncertain but is perhaps re- 
lated to the large variations in glucose concentration and frequent insulin dosing. No 
correlation between hepatic glycogen content and fasting blood glucose levels has 
been demonstrated. There is also no demonstrable association between the type of 
diabetes or the fat content of the hepatocytes and the presence of glycogen. 
The mechanism for nuclear glycogen deposition is also unclear, with the stored gly- 
cogen resembling muscle glycogen more than hepatocyte cytoplasmic glycogen. 11 " 13 
Nuclear glycogen deposition was first described by Ehrlich in 1883. 14 It is postulated 
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that glycogen is actually synthesized in the nucleus and has been found in 60-75% 
of diabetic patients. 15,16 Nuclear glycogen deposition is also seen in sepsis, tuber- 
culosis, some patients with hepatitis (particularly autoimmune chronic hepatitis), 
Wilson's disease, and cirrhosis. 

The finding of glycogen nuclei in a patient with fatty liver is useful confirmatory evi- 
dence that the fatty liver is secondary to diabetes even if the glucose tolerance test 
is normal. However, Creutzfeldt and associates have reported the combination also 
in obese patients. 17 " 19 

Patients showing solely excessive glycogen deposition may exhibit hepatomegaly 
and liver enzyme abnormalities and may have abdominal pain and even nausea and 
vomiting and rarely ascites. All these abnormalities may improve with sustained glu- 
cose control. 20 

Fatty Liver, Steatohepatitis 

Hepatic fat accumulation is a well-recognized complication of diabetes with a re- 
ported frequency of 40-70%. Unfortunately, associated obesity is a frequently oc- 
curring confounding variable. Type 1 diabetes is not associated with fat accumula- 
tion if glycemia is well controlled, but type 2 diabetes may have a 70% correlation 
regardless of blood glucose control. 

Fat is stored in the form of triglyceride and may be a manifestation of increased fat 
transport to the liver, enhanced hepatic fat synthesis, and decreased oxidation or 
removal of fat from the liver. The steatosis may be microvesicular or macrovesicular 
and may progress to fibrosis and cirrhosis. The degree of glycemic control does not 
correlate with the presence or absence of fat. 21 " 26 The most common clinical pres- 
entation is hepatomegaly, and most patients have normal or only mildly abnormal 
transaminases and normal bilirubin. 

CT scan and ultrasound are claimed to be sensitive tests for detecting hepatic fat 
accumulation. A negative ultrasound, however, does not exclude the presence of 
microscopic fatty infiltration. 27 A liver biopsy is obviously the best method for detect- 
ing hepatic fat accumulation. It is unclear at this time whether a biopsy is always 
necessary in patients with suspected steatohepatitis. Biopsy probably should be 
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performed when the diagnosis is unciear, although some authors suggest that it is 
necessary in all cases to confirm the diagnosis and assess the degree of fibro- 
sis 28 ' 29 

Excessive fat accumulation is seen in alcoholic liver disease, obesity, prolonged 
parenteral nutrition, protein malnutrition, jejunoileal bypass, and chronic illnesses 
complicated by impaired nutrition, such as ulcerative colitis and chronic pancreatitis. 
It can also occur as a result of hepatotoxins, such as carbon tetrachloride, and can 
be seen in association with abetalipoproteinemia, Weber-Christian disease, the HIV 
virus, cholesterol ester storage disease, and Wilson's disease, in addition to diabe- 
tes mellitus. A number of drugs, such as amiodarone, perhexilene, glucocorticoids, 
estrogens, and tamoxifen, may cause macrovesicular steatosis. The amount of fat 
frequently diminishes with improvement of the underlying condition. 

Nonalcoholic steatohepatitis (NASH) is a variant of fatty liver in which fat in the 
hepatocytes is accompanied by lobular inflammation and steatonecrosis. The diag- 
nosis can only be made in the absence of alcohol abuse or other causes of liver 
disease, particularly hepatitis C. In patients with diabetes and steatohepatitis, Mal- 
lory bodies such as those seen in alcoholic liver disease may be seen. Nonalcoholic 
steatohepatitis has been associated most commonly with obese women with diabe- 
tes, but the disease is certainly not limited to patients with this clinical profile. 30 
There is certainly a higher prevalence in type 2 diabetic patients on insulin. 31 

The spectrum of clinical disease in fatty liver with steatohepatitis varies from the 
asymptomatic elevation of liver enzymes to severe liver disease with fibrosis and 
nodular regeneration. Patients with nonalcoholic steatohepatitis can develop pro- 
gressive liver disease and complications to the point that they may need liver trans- 
plantation. 32 

Nonalcoholic steatohepatitis should be considered as a cause for chronically ele- 
vated liver enzymes in asymptomatic diabetic patients particularly if they are obese 
and have hyperlipidemia. 33 In type 2 diabetic patients with or without obesity, up to 
30% have fat with inflammation, 25% have associated fibrosis, and 1-8% have cir- 
rhosis. 34 " 35 
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The morphological pattern of diabetic steatohepatitis resembles that seen in alco- 
holic hepatitis. However, the histopathological changes in diabetes tend to be peri- 
portal (situated in zone I), while those in alcoholic hepatitis are predominantly peri- 
central (in zone III). It is not clear whether the diabetes is causally related to the ste- 
atohepatitis. 37,38 In an animal model of type 1 diabetes, there is a high incidence of 
perisinusoidal hepatic fibrosis, while in humans perisinusoidal fibrosis often parallels 
with diabetic microangiopathy. 39 

Gradual weight loss and good control of blood glucose levels is recommended for 
patients with steatohepatitis, since rapid weight loss may actually worsen NASH. 40,41 
Weight loss >10% has been shown to be necessary for normalization of liver en- 
zymes in patients who are significantly overweight. 42 Ursodeoxycholic acid may be 
beneficial in reducing steatosis and may result in normalization of liver enzymes and 
improvement in histology without demonstrable impact on fibrosis. 43 ' 45 

Cirrhosis 

There is an increased incidence of cirrhosis in diabetic patients, and, conversely, at 
least 80% of patients with cirrhosis have glucose intolerance. 46,47 The reported 
prevalence of cirrhosis in diabetes varies widely. Diabetes increases the risk of ste- 
atohepatitis, which can progress to cirrhosis. Obesity is a significant confounding 
variable in determining the prevalence of cirrhosis in diabetes. Even with normal 
glucose tolerance, obesity can cause steatohepatitis and cirrhosis. Likewise, the 
lack of a clear definition of diabetes in the past somewhat confounds these statistics. 

Biliary Disease, Cholelithiasis, Cholecystitis 

There is a reported increased incidence of cholelithiasis in diabetes mellitus, but 
obesity and hyperlipidemia may again be confounding variables. Several articles 
have reported a two- to threefold increased incidence of gallstones in diabetic pa- 
tients, whereas others have failed to demonstrate a significant association. 17,48 " 52 
Gallbladder emptying abnormalities found in diabetic patients may predispose pa- 
tients to cholelithiasis. 53 Secretion of lithogenic bile by the liver in patients with type 
2 diabetes probably predisposes them to forming gallstones, but this is likely a result 
of concomitant obesity rather than a result of the diabetes itself. 54 Increased biliary 
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cholesterol saturation has not been demonstrated in insulin-dependent diabetic pa- 
tients. 

There is no indication in the literature that the natural history of gallstones is different 
in diabetic and nondiabetic individuals. The relative risk of mortality following acute 
cholecystitis is not significantly greater in diabetic patients than in the general popu- 
lation, and neither is the risk for serious complications. For that reason, prophylactic 
cholecystectomy cannot routinely be recommended for asymptomatic gallstones in 
patients with diabetes. 55 Any increase in mortality may be attributed to underlying 
renal or vascular disease. Patients with diabetes have comparable survival out- 
comes from laparoscopic or open cholecystectomy. 56 

Complications of Diabetes Therapy 

Insulin therapy may increase the risk of a patient of acquiring viral hepatitis because 
of the exposure to needles. Adhering to good infection-control practices should sig- 
nificantly reduce this risk. 

The biguanide metformin (Glucophage) does not undergo hepatic metabolism and, 
like chlorpropamide (Diabinese), is excreted unchanged in the urine. 57 In contrast, 
the sulfonylurea glyburide (Micronase, Glynase, Diabeta) is excreted in bile and 
urine in a 50/50 ratio. The sulfonylurea glipizide (Glucotrol, Glucotrol XL) is metabo- 
lized mainly by the liver, and, in theory, hepatic disease may result in increased 
blood levels. 

There is a rare association between the use of oral hypoglycemics and hepatic in- 
jury, but sulfonylureas can cause chronic hepatitis with necroinflammatory 
changes 58 Granulomatous changes can also be seen. They are described as hav- 
ing a well-circumscribed cellular infiltrate comprised of acidophilic histiocytes and 
eosinophils surrounding necrotic hepatocytes. The mechanism of liver injury is not 
known. 

Chlorpropamide appears to be the most hepatotoxic of these drugs, with cholestatic 
hepatitis occurring in 0.5% of people on the drug. Jaundice develops over 2-5 
weeks and resolves in virtually all patients when the drug is stopped. Hepatic dis- 
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ease is very rare with tolbutamide (Orinase and generics), and tolazamide (Tolinase 
and generics). Although very uncommon, acetohexamide and glyburide can cause 
acute hepatocellular necrosis, and fatalities have been reported. At least two cases 
of granulomatous hepatitis thought secondary to glyburide have been reported in the 
literature. 59 

The biguanides, such as metformin hydrochloride, have not been associated with 
liver injury. Lactic acidosis can be associated with the use of metformin to treat dia- 
betes, but it is reported to occur occasionally and usually in patients with major con- 
traindications to the drug. "Chronic liver disease" is one of the conditions that may 
predispose patients taking metformin to developing lactic acidosis, probably due to a 
reduced ability of the liver to clear lactate. It is therefore listed as a contraindica- 
tion. 60 

Troglitazone (Rezulin) is an oral antihyperglycemic agent that acts primarily by de- 
creasing insulin resistance. Its package insert carries a warning that severe idiosyn- 
cratic hepatocellular injury, usually reversible but possibly leading to death or liver 
transplantation, has been reported in patients using the medication, usually during 
the early months of therapy. 

Serum transaminases should be checked at the start of therapy, monthly for the first 
6 months of therapy, every 2 months for the remainder of the first year, and periodi- 
cally thereafter. If a patientis ALT level is >3 times the upper limit of normal, therapy 
should not be started or should be discontinued in those already receiving the medi- 
cation. In patients with levels >1 .5 times the upper limit of normal, repeat evalua- 
tions at earlier intervals are necessary to ensure that more serious deterioration of 
liver enzymes is not developing. In addition, any symptoms suggesting hepatic dys- 
function necessitate having liver tests performed. 
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Diabetes and Abnormalities of Glucose Homeostasis Occurring as a Compli- 
cation of Liver Disease 

Viral Hepatitis 

There is no evidence in the literature that viral hepatitis has a worse prognosis in 
patients with diabetes. There is an increased prevalence of viral hepatitis in diabetes 
possibly due to an increased exposure to needles for the injection of insulin or for 
blood testing. Possible contamination of the platform in spring-loaded lancet devices 
may increase the risk of acquiring hepatitis B or C from these instruments. In 1996, 
hepatitis B outbreaks were noted in an Ohio nursing home and a New York hospital. 
Transmission was thought to be related to the use of spring-loaded devices for 
fingerstick glucose testing. 61,62 

Diabetes is far more prevalent in patients with hepatitis C than in patients with other 
forms of viral hepatitis. In a study by Grimbert and associates, 152 patients with 
hepatitis C and the same number with either hepatitis B or alcohol-induced liver dis- 
ease were compared over the same period. Twenty-four percent of the patients with 
hepatitis C had diabetes compared with only 9% of the controls. The authors sug- 
gested a causative role of hepatitis C in the pathogenesis of diabetes, 63 

Fraser and associates also found an association between chronic hepatitis C and 
the presence of impaired glucose control and reported that the prevalence of dia- 
betes was much higher in hepatitis C than in the general population. 64 One hundred 
aduits with cirrhosis were evaluated in a retrospective study. Of the 34 patients with 
hepatitis C, 50% had diabetes mellitus, as opposed to 9% of the 66 patients with 
cirrhosis unrelated to hepatitis C. The association has been described also by others 
and was thought to be statistically significant. 65 " 67 

Simo and associates also suggested that the hepatitis C virus may have a direct 
causative role in the development of diabetes. Most of their diabetic patients with 
hepatitis C had abnormal liver tests. 68 

The association of diabetes with hepatitis C has also been investigated in posttrans- 
plantation patients, and there is a reported higher incidence of diabetes in liver 
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transplant recipients with hepatitis C. This increased incidence appears to be signifi- 
cant, and the presence of the virus appears to be an independent risk factor. 69 
Interferon therapy used to treat hepatitis B and C may induce hyperglycemia, result 
in the development of type 2 diabetes, and necessitate increased insulin require- 
ments in patients with type 1 diabetes. 70 " 73 Interferon therapy has resulted in the 
development of type 1 diabetes likely through the development of insulin autoanti- 
bodies 74 ~ 76 Fattovich and associates retrospectively studied 1 1,241 patients with 
chronic viral hepatitis who had undergone interferon therapy. However, only 10 pa- 
tients developed de novo diabetes mellitus. 77 Interferon therapy also reportedly led 
to severe hypertriglyceridemia in a diabetic patient. 78 

The hepatitis B vaccine effectively induces protective antibodies in most patients 
with diabetes. 79,80 One study in children with type 1 diabetes concluded that children 
may not respond as well to the vaccination. This suggested that children should 
perhaps be vaccinated with four injections instead of three. 81 

Cirrhosis 

Individuals with cirrhosis have elevated insulin levels, perhaps indicating insulin re- 
sistance or reduced degradation of insulin by the cirrhotic liver. In the absence of 
peripheral insulin resistance, it is likely that patients with cirrhosis would become 
hypoglycemic. 

The pathogenesis of the proposed insulin resistance is not known, although a re- 
ceptor or postreceptor abnormality is postulated. 82 Impaired insulin secretion from 
the pancreatic -cells has been proposed as another cause for the hyperglycemia, 83 
and glucose intolerance in patients with decompensated cirrhosis has been found to 
be associated with low insulin secretion. 84 Potassium depletion, excess glucagon, 
growth hormone, Cortisol, and increased fatty acid levels in blood, and reduced insu- 
lin receptors may account for the insulin resistance, but these are all unproved hy- 
potheses. 

Cirrhotic patients may develop fasting hypoglycemia by way of the "Insulin Autoim- 
mune Syndrome" associated with the development of high levels of insulin autoanti- 
bodies even in the absence of hepatocellular carcinoma. 85 Cirrhotic patients and 
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patients with fulminant hepatic failure may have lower blood glucose concentrations 
than matched subjects, but significant hypoglycemia may be prevented by de- 
creased utilization of glucose and an increased utilization of nonglucose fuels such 
as fat.ge-se 

Cirrhosis according to the present invention comprises all classes of cirrhosis, such 
as for example Cirrhosis Child's class A, B, C or D, wherein A designates the mild- 
est and D the most severe class of cirrhosis. 

Hepatocellular Carcinoma 

Hepatocellular carcinoma may be associated with the development of hypoglyce- 
mia. A proposed mechanism for the development of this hypoglycemia is the pro- 
duction of insulin-like growth factor-li (IGF-II) by hepatocellular carcinoma cells 
(HCC). Numerous case reports have discussed the development of this phenome- 
non. 

IGF-II is a protein that functions as a partial insulin agonist. 89 Diabetic patients who 
develop HCC may require progressively less insulin, not only due to the production 
of IGFs, but also due to increased glucose utilization by insulin-sensitive tissue. 90 " 93 
A study by Adami and associates on a cohort of about 154,000 patients suggested 
that patients with diabetes are at increased risk for developing primary fiver can- 
cer. 94 In a case-controlled study in Italy, it was again suggested that patients with 
diabetes may be at higher risk for hepatocellular carcinoma, although the reason 
why is unclear. 93 

Fulminant Hepatic Failure 

Fulminant hepatic failure may be complicated by hypoglycemia, and its development 
may portend a poor prognosis and increased mortality. 96,97 Such patients need to be 
closely observed, and most require glucose supplementation. Destruction of hepa- 
tocytes along with hyperinsulinism and inadequate storage of glucose in extrahe- 
patic organs contributes to the hypoglycemia. 98 

Liver Transplantation and Diabetes 
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The issue has been raised whether the presence of diabetes before or after liver 
transplantation influences the outcome. Carson and Hunt reported a 4-20% inci- 
dence of posttransplant diabetes following liver transplantation." 
Trail and associates retrospectively investigated 497 patients who had received or- 
thotopic liver transplants. Twenty-six patients (5.2%) had clinical evidence of diabe- 
tes 1 month after transplant This did not influence graft survival, liver synthetic 
function, or number of rejection episodes during the first year. The investigators 
concluded that the presence of posttransplant diabetes did not significantly affect 
patient outcome in the first year. 100 

Navasa and associates evaluated 102 patients who survived longer than 1 year af- 
ter orthotopic liver transplantation. Fourteen had diabetes before transplantation, 
and all but one were alive 3 years later. Their reported incidence of posttransplant 
diabetes was 27% at 1 year, 9% at 2 years, and 7% at 3 years. Patients with post- 
transplant diabetes had a significantly higher mortality in the second postoperative 
year than did patients without this complication. This may be related to an increased 
use of immunosuppressive agents in those patients with rejection and thus a greater 
predisposition to diabetes. 101 

Fk506, tacrolimus (Prograf), a potent immunosuppressive agent used in liver trans- 
plantation to prevent allograft rejection, may cause diabetes meflitus. Stopping the 
drug may result in restoration of normal glucose tolerance. 102 Liver transplantation 
may be performed in patients with type 1 diabetes without any increased risk for 
graft or patient survival regardless of the underlying liver disease indication. Inter- 
estingly, in patients with renal transplants, both diabetes and hepatitis B were asso- 
ciated with less favorable outcomes. 103 

Liver Disease Coincident With Diabetes and Abnormalities of Glucose Ho- 
meostasis 

Hemochromatosis 

Hemochromatosis is an autosomal recessive inherited condition characterized by an 
abnormally high absorption of iron from the small intestine and excessive accumula- 
tion of iron in the liver and other tissues. Most patients (>80%) with the hemochro- 
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matosis (HFE) gene have one of the two described gene mutations, namely, the 
Cys282Tyr mutation, situated on the short arm of chromosome six. Patients with 
untreated hemochromatosis develop progressive liver disease, cirrhosis, and dia- 
betes and are at high risk for developing hepatocellular carcinoma. 104 
The term "bronze diabetes," coined by Hanot and Schachmann in 1886, refers to 
the association of diabetes with hemochromatosis. 9 About 75% of patients with he- 
mochromatosis and established cirrhosis have diabetes. Patients with hemochro- 
matosis and diabetes have a significantly reduced survival compared to hemochro- 
matosis patients without diabetes. 105 

Hemochromatosis is the most common single gene-inherited metabolic disease 
amongst Caucasians worldwide. The heterozygote frequency is about 10%; one in 
250 people are homozygotes. Patients with hemochromatosis and diabetes have 
both impaired insulin secretion and increased insulin resistance. 106 The likelihood of 
diabetes in patients with hemochromatosis increases as the liver iron concentration 
increases. 107 

Whether all diabetic patients should be screened for hemochromatosis has been 
considered. Turnbull and associates evaluated 727 patients in a diabetic clinic. Of 
those, 7.4% had elevated iron indices on initial screening, and in 3% these indices 
remained elevated on fasting blood specimens. However, only one had homozygous 
hereditary hemochromatosis, leading to their conclusion that routine screening for 
hemochromatosis in diabetic patients is probably not cost-effective. 108 In contrast, 
patients with diabetes who have a family history of liver disease should probably be 
screened for hemochromatosis. 

Excessive iron accumulation in conditions other than hemochromatosis, such as 
dyserythropoietic disorders, may also be associated with diabetes. The pancreatic - 
cell may recover to varying degrees when the excess iron is removed in conditions 
associated with iron overload, 109,110 but rarely will phlebotomy therapy restore nor- 
mal glucose tolerance. 105 

Glycogen Storage Disease 
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Absence of glucose-6-phosphatase or other enzymes necessary for glycogen deg- 
radation, as occurs in a variety of glycogen storage diseases, would prevent the use 
of stored glycogen to maintain the blood glucose concentration in the fasting state. 
An infant so affected may require carbohydrate feedings every 2-3 hours to prevent 
possible brain damage. Glycogen content in the livers of most of these affected pa- 
tients is excessive. The most common form is type 1 glycogenesis, characterized by 
a deficiency of the enzyme glucose-6-phosphatase. It is inherited in an autosomal 
recessive fashion. 111 

Autoimmune Biliary Disease 

Type 1 diabetes may be one of the manifestations of the autoimmune polyglandular 
syndrome. Primary biliary cirrhosis (PBC) has been reported in a patient with this 
syndrome, raising the possibility that PBC may be an associated autoimmune 
manifestation of this condition. 112 

Primary sclerosing cholangitis (PSC), which involves to varying degrees the intrahe- 
patic and extrahepatic biliary tree and which may progress to cirrhosis, can also 
involve the pancreatic duct and result in chronic inflammatory pancreatic changes. 
The pancreatic changes may be severe enough to cause functional changes and 
may result in glucose intolerance. 113 

!t is also postulated that ulcerative colitis, sclerosing cholangitis, and diabetes may 
occur in the same patient as part of a generalized genetically determined autoim- 
mune disease influenced by HLA genotype. Glucose intolerance may be higher in 
patients with PSC than in patients with other liver disease. 114 " 116 

In conclusion, the association between diabetes and liver disease has relevance to 
diabetologists, hepatologists, and primary care physicians. The finding of an excess 
prevalence of chronic liver disease in type 2 diabetic patients has stimulated interest 
in this association and on exploration of avenues of pathogenesis that promise to 
shed light on the relationship between hepatic metabolism and glucose homeosta- 
sis. This review attempted to summarize some of these associations. While it raises 
more questions than it answers, hopefully future research will fill in the gaps in our 
current understanding of this intriguing link between two major disease entities. 
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In one preferred embodiment the present invention pertains to the treatment of liver 
disease in an individual, preferably a human being, suffering from diabetes mellitus. 

In another embodiments the invention is directed to treatment of an individual, pref- 
erably a human being, suffering from a liver disease occurring as a consequence of 
diabetes mellitus. 

In yet another embodiment there is provided a method for treating an individual, 
preferably a human being, suffering from diabetes mellitus and abnormalities of glu- 
cose homeostasis occurring as a complication of liver disease. 

In a still further embodiment there is provided a method of treatment of an individual, 
preferably a human being, suffering from a liver disease occurring coincidentally 
with diabetes mellitus and/or abnormalities of glucose homeostasis. 

When the present invention relates to a method of treatment of an individual, pref- 
erably a human being, suffering from a liver disease occurring as a consequence of 
diabetes mellitus such method involves, but is not limited to, treatment of any one or 
more of i) glycogen deposition, ii) steatosis and nonalcoholic steatohepatitis 
(NASH), iii) fibrosis and/or cirrhosis, iv) biliary disease, v) cholelithiasis, vi) chole- 
cystitis, and vii) any complication of a method of therapy of diabetes including chole- 
static complications and necroinflammatory complications, when such a condition 
occurs in said individual. 

When the present invention relates to a method for treatment of an individual, pref- 
erably a human being, suffering from diabetes mellitus as well as from abnormalities 
of glucose homeostasis occurring as a complication of liver disease, such a method 
involves, but is not limited to, treatment of diabetes mellitus occuring as a complica- 
tion of any liver disease including, but not limited to i) hepatitis, ii) cirrhosis, iii) 
hepatocellular carcinoma, iv) fulminant hepatic failure, and v) postorthotopic liver 
transplantation. 

When the present invention is directed to a method for treatment of an individual, 
preferably a human being, suffering from a liver disease occurring coincidentally 
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with diabetes mellitus and abnormaiities of glucose homeostasis including, such a 
method involves, but is not limited to, treatment of liver disease in combination with 
any one or more of i) hemochromatosis, ii) glycogen storage disease, and iii) auto- 
immunebiliary disease. 

Technical Terms and Definitions 

Acid labile subunit (ALS) : As used herein, "ALS" refers to the acid-labile, 84-86 kD, 
non-IGF-binding subunit of the 125-150 kD complex With IGFBP-3 and IGF-1 as 
described in Baxter, WO 90/0569, or any animal equivalent thereof, preferably hu- 
man ALS. It may be from any source, including natural, synthetic, or recombinant 
sources. 

Acute liver disease : Any desease of the liver rapidly developing into to a critical 
stage. Acute liver disease is normally non-persistent as compared to chronic liver 
disease. The disease is diagnosed as any alteration in the state of the liver inter- 
rupting or disturbing the performance of vital liver functions, and causing or threat- 
ening any one or more of pain, weakness, malady, illness, sickness, and disorder. 

Ameliorating method of treatment : Any treatment resulting in reversing at least partly 
any alteration in the state of the liver interrupting or disturbing the performance of 
vital liver functions, and reducing any one or more of pain, weakness, malady, 
illness, sickness, and disorder caused by said interruption or disturbance. 

Ascites : Accumulation of fluid in the peritoneal cavity causing swelling. Frequent 
causes of ascites include infection of the liver and portal hypertension. 

Cirrhosis of the liver : Substantially irreversible condition affecting the whole liver 
involving loss of parenchymal cells, inflammation, disruption of the normal tissue 
architecture, and eventually hepatic failure 

Chronic hepatitis : Persistent, long-lasting hepatitis infection. 

Chronic liver disease : Persistent, long-lasting desease of the liver substantially with- 
out any development, or slowly progressing into a critical stage. Chronic liver dis- 
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ease is normally persistent as compared to non-persistent, acute liver disease. The 
disease is diagnosed as any alteration in the state of the liver interrupting or dis- 
turbing the performance of vita) liver functions, and causing or threatening any one 
or more of pain, weakness, malady, illness, sickness, and disorder. 

Conservative amino acid substitution : Substitution of one amino acid (within a pre- 
determined group of amino acids) for another amino acid (within the same group) 
exhibiting similar or substantially similar characteristics. Within the meaning of the 
term "conservative amino acid substitution" as applied herein, one amino acid may 
be substituted for another within groups of amino acids characterised by having 

i) polar side chains (Asp, Glu, Lys, Arg, His, Asn, Gin, Ser, Thr, Tyr, and Cys,) 

ii) non-polar side chains (Gly, Ala, Val, Leu, lie, Phe, Trp, Pro, and Met) 

iii) aliphatic side chains (Gly, Ala Val, Leu, lie) 

iv) cyclic side chains (Phe, Tyr, Trp, His, Pro) 

v) aromatic side chains (Phe, Tyr, Trp) 

vi) acidic side chains (Asp, Glu) 

vii) basic side chains (Lys, Arg, His) 

viii) amide side chains (Asn, Gin) 

ix) hydroxy side chains (Ser, Thr) 

x) sulphor-containing side chains (Cys, Met), and 

xi) amino acids being monoamino-dicarboxylic acids or monoamino- 
monocarboxylic-monoamidocarboxylic acids (Asp, Glu, Asn, Gin). 
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Curative method of treatment : Any treatment resulting in substantially reversing any 
alteration in the state of the liver interrupting or disturbing the performance of vital 
liver functions and bringing the state of the liver back to a physiological state existing 
prior to the unset of said interruption or disturbance, and substantially reducing 
and/or eliminating any one or more of pain, weakness, malady, illness, sickness, 
and disorder caused by said interruption or disturbance. 

Deficiency of IGF-1 : Decreased levels of serum IGF-1 

Diabetes mellitus : Condition of an individual characterised by a relative or absolute 
lack of insulin leading to uncontrolled carbohydrate metabolism. 

Fibrosis of the liver : Condition characterised by deposition of an avascular collagen- 
rich matrix in a wound, usually as a consequence of slow fibrinolysis or extensive 
tissue damage, as in sites of chronic inflammation of the liver. 

Hepatic encephalopathy : Condition used to describe the deleterious effects of liver 
failure on the central nervous system. Features include confusion ranging to unre- 
sponsiveness (coma). A common cause is alcoholic cirrhosis. 

Hepatic nephropathy : Condition involved in establishing hepatorenal syndrome. 

IGF-1 : Insulin-like growth factor 1 from any species, including bovine, ovine, porcine, 
equine, avian, and preferably human, in native-sequence or in variant form, and 
from any source, whether natural, synthetic, or recombinant. 

Preferred herein for animal use is that form of IGF-1 from the particular species be- 
ing treated, such as porcine IGF-1 to treat pigs, ovine IGF-1 to treat sheep, bovine 
IGF-1 to treat cattle, etc. 

Preferred herein for human use is human native-sequence, mature IGF-1, more 
preferably without a N-terminal methionine, prepared, e.g., by the process described 
in EP 230,869 published Aug. 5, 1987; EP 128,733 published Dec. 19, 1984; or EP 
288,451 published Oct. 26, 1988. More preferably, this native-sequence IGF-1 is 
recombinantly produced and is available from Genentech, Inc., South San Fran- 
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Cisco, CA, for clinical investigations. Also preferred for use is tGF-1 that has a spe- 
cific activity greater than about 14,000 units/mg as determined by radioreceptor as- 
say using placenta membranes, such as that available from KabiGen AB, Stock- 
holm, Sweden. 

fGF-1 binding protein : A protein capable of binding IGF-1 and modulating the 
biological action of IGF-1 at the cellular level. IGF-1 binding protein refers to any 
protein that binds IGF-1 in the circulation, in other body fluids, and in media condi- 
tioned by cultured cells, as defined in the Workshop on IGF Binding Proteins held in 
Vancouver, Canada in June 1989 discussed above and reported in Ballard et a!., 
Acta Endocrinol. (Copenhagen), 121: 751-752 (1989). This term includes IGFBP-1, 
IGFBP-2, IGFBP-3, IGFBP-4, IGFBP-5, IGFBP-6, and other as yet unidentified 
IGFBPs that have the characteristics common to all the known IGF binding proteins. 
The term includes anima! equivalents to human IGFBPs as well as human IGFBPs, 
for example, the bovine, ovine, porcine, and equine species. It may be from any 
source, whether natural, synthetic, or recombinant, provided that it wiil bind to the 
appropriate binding domain of IGF-1 . 

IGF-1 binding protein 3 (IGFBP-3) : IGFBP-3 is defined as described above and in 
WO 89/09268 published Oct. 5, 1989 and Wood et al., Molecular Endocrinology, 
supra, but includes animal equivalents to human IGFBP-3 as well as human IGFBP- 
3, for example, the bovine, ovine, porcine, and equine species. It may be from any 
source, whether natural, synthetic, or recombinant, provided that it will bind to the 
appropriate binding domain of IGF-1. 

Individual : Any mammalian species. Mammal signifies humans as well as animals. 
Mammals that are candidates for treatment include animals of economic importance 
such as bovine, ovine, and porcine animals. The preferred mammal herein is a hu- 
man. 

Insulin resistance : Condition wherein an individual diagnosed as having noninsulin- 
dependent diabetes produce insulin in sufficient amounts without being able to re- 
spond to the action of insulin. 
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Liver failure : A condition of severe end-stage liver dysfunction accompanied by a 
decline in mental status that may range from confusion (hepatic encephalopathy) to 
unresponsiveness (hepatic coma). 

Liver functionality : Physiological condition established according to the present in- 
vention by ability of the liver to perform its normal functions with respect to glucose 
metabolism and amino acid metabolism. Normal glucose metabolism and normal 
amino acid metabolism signifies normal liver functionality. 

Malnutrition : Any condition arising from intake of insufficient amounts of food, or 
intake of unbalanced diet. 

Metabolic disorder : Acquired condition caused by a failure of a metabolically impor- 
tant organ including the liver. 

Pharmaceutically effective amount : Any amount of medicament capable of achieving 
a clinical effect in an individual treated with said medicament. 

Portal hypertension : Hypertension of the portal chambers. 

Prophylactic method of treatment : Method of treatment relating to prevention, or at 
least amelioration, of any disease including liver disease. Mammals "at risk" for ARF 
are those mammals, including mammals of economic importance such as bovine, 
ovine, and porcine animals, as well as humans, the latter being preferred, that are 
prone to exhibit ARF from operations or transplants to be performed or illnesses 
likely to be incurred. 

Subcutaneous injection : Administration of a substance by means of an injection of 
the substance under the skin of an individual to which the substance is to be ad- 
ministered. 

Variant : Variants of 1GF-1 are described in relation to 1GF-1 having a predetermined 
amino acid sequence such as e.g. the amino acid sequence of human IGF-1. Vari- 
ants of IGF-1 fragments are described in relation to IGF-1 fragments having a pre- 
determined amino acid sequence such as e.g. the amino acid sequence of a frag- 
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ment of human 1GF-1. Variants of IGF-1 binding proteins are described by similar 
analogy. 

The following definitions shall denote an IGF-1 variant, or a fragment thereof, in re- 
lation to IGF-1, or a fragment thereof, having a predetermined amino acid sequence: 

i) IGF-1 variants, or fragments thereof, comprising an amino acid sequence 
capable of being recognised by an antibody also capable of recognising IGF- 
1 having said predetermined amino acid sequence, and/or 

ii) IGF-1 variants, or fragments thereof, comprising an amino acid sequence 
capable of binding to a receptor moiety, preferably an IGF-1 receptor moiety 
or an insulin receptor moiety, wherein said moiety is also capable of binding 
IGF-1 having said predetermined amino acid sequence, and/or 

iii) IGF-1 variants, or fragments thereof, having at least a substantially similar 
anabolic action as compared to IGF-1 having said predetermined amino acid 
sequence. 

Preferred IGF-1 variants are those e.g. described in U.S. Pat. No. 5,077,276 issued 
Dec. 31, 1991, in PCT WO 87/01038 published Feb. 26, 1987 and in PCT WO 
89/05822 published Jun. 29, 1989, i.e., those wherein at least the glutamic acid 
residue is absent at position 3 from the N-terminus of the mature molecule, and 
those having a deletion of up to five amino acids at the N-terminus. The most pre- 
ferred variant has the first three amino acids from the N-terminus deleted {variously 
designated as brain IGF, tlGF-1, des(1-3) IGF-1 , or des-IGF-1). 

Variants of IGF-1 binding proteins are polypeptides comprising an amino acid se- 
quence capable of binding to IGF-1. 
Preferred embodiments of IGF-1 and variants thereof 

IGF-1 as used herein relates to any insulin-like growth factor 1 from any species, 
including bovine, ovine, porcine, equine, avian, and preferably human, in native- 
sequence or in variant form, and from any source, whether natural, synthetic, or 
recombinant. 
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When an IGF-1 variant according to the invention is generated by a substitution of 
one amino acid for another, such a substitution may be a conservative amino acid 
substitution as defined herein. Fragments of IGF-1 according to the present inven- 
tion may comprise more than one such substitution, such as e.g. two conservative 
amino acid substitutions, for example three or four conservative amino acid substi- 
tutions, such as five or six conservative amino acid substitutions, for example seven 
or eight conservative amino acid substitutions, such as from 10 to 15 conservative 
amino acid substitutions, for example from 15 to 25 conservative amino acid substi- 
tution. Conservative amino acid substitutions can be made within any one or more 
groups of predetermined amino acids as listed herein above under the section 
"Definitions". 

IGF-1 , or a fragment thereof may comprise one or more conservative amino acid 
substitutions including one or more conservative amino acid substitutions within the 
same group of predetermined amino acids, or a plurality of conservative amino acid 
substitutions, wherein each conservative substitution is generated by substitution 
within a different group of predetermined amino acids. 

Accordingly, variants of IGF-1 , or a fragment thereof according to the invention may 
comprise at least one substitution, such as a plurality of substitutions introduced 
independently of one another. IGF-1, or a fragment thereof, may thus comprise con- 
servative substitutions independently of one another, wherein at least one glycine 
(Gly) of said IGF-1 , or a fragment thereof, is substituted with an amino acid selected 
from the group of amino acids consisting of Ala, Val, Leu, and He, and independently 
thereof, substitution of at least one alanine (Ala) of said IGF-1 , or a fragment 
thereof, with an amino acid selected from the group of amino acids consisting of Gly, 
Val, Leu, and lie, and independently thereof, substitution of at least one valine (Val) 
of said IGF-1 , or a fragment thereof, with an amino acid selected from the group of 
amino acids consisting of Gly, Aia, Leu, and lie, and independently thereof, substitu- 
tion of at least one leucine (Leu) of said IGF-1, or a fragment thereof, with an amino 
acid selected from the group of amino acids consisting of Gly, Ala, Val, and lie, and 
independently thereof, substitution of at least one isoleucine (lie) of said IGF-1, or a 
fragment thereof, with an amino acid selected from the group of amino acids con- 
sisting of Gly, Ala, Val and Leu, and independently thereof, substitution of at least 
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one aspartic acid (Asp) of said IGF-1, or a fragment thereof, with an amino acid se- 
lected from the group of amino acids consisting of Glu, Asn, and Gin, and independ- 
ently thereof, substitution of at least one phenylalanine (Phe) of said IGF-1, or a 
fragment thereof, with an amino acid selected from the group of amino acids con- 
sisting of Tyr, Trp, His, Pro, and preferably selected from the group of amino acids 
consisting of Tyr and Trp, and independently thereof, substitution of at least one 
tyrosine (Tyr) of said IGF-1 , or a fragment thereof, with an amino acid selected from 
the group of amino acids consisting of Phe, Trp, His, Pro, preferably an amino acid 
selected from the group of amino acids consisting of Phe and Trp, and independ- 
ently thereof, substitution of at least one arginine (Arg) of said IGF-1, or a fragment 
thereof, with an amino acid selected from the group of amino acids consisting of Lys 
and His, and independently thereof, substitution of at least one lysine (Lys) of said 
IGF-1 , or a fragment thereof, with an amino acid selected from the group of amino 
acids consisting of Arg and His, and independently thereof, substitution of at least 
one asparagine (Asn) of said IGF-1 , or a fragment thereof, with an amino acid se- 
lected from the group of amino acids consisting of Asp, Glu, and Gin, and independ- 
ently thereof, substitution of at least one glutamine (Gin) of said IGF-1, or a fragment 
thereof, with an amino acid selected from the group of amino acids consisting of 
Asp, Glu, and Asn, and independently thereof, substitution of at least one proline 
(Pro) of said IGF-1, or a fragment thereof, with an amino acid selected from the 
group of amino acids consisting of Phe, Tyr, Trp, and His, and independently 
thereof, substitution of at least one cysteine (Cys) of said IGF-1, or a fragment 
thereof, with an amino acid selected from the group of amino acids consisting of 
Asp, Glu, Lys, Arg, His, Asn, Gin, Ser, Thr, and Tyr. 

It is clear from the above outline that the same fragment may comprise more than 
one conservative amino acid substitution from more than one group of conservative 
amino acids as defined herein. 

The addition or deletion of an amino acid may be an addition or deletion of from 2 to 
preferably 10 amino acids, such as from 2 to 8 amino acids, for example from 2 to 6 
amino acids, such as from 2 to 4 amino acids. However, additions of more than 10 
amino acids, such as additions from 10 to 200 amino acids, are also comprised 
within the present invention. 
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An IGF-1 variant, or a fragment thereof, according to the present invention, may in 
one embodiment comprise less than 75 amino acid residues, for example iess than 
70 amino acid residues, such as less than 65 amino acid residues, for example less 
than 60 amino acid residues, such as less than 55 amino acid residues, for example 
less than 50 amino acid residues, such as less than 45 amino acid residues, for ex- 
ample less than 40 amino acid residues, such as less than 35 amino acid residues, 
for example less than 30 amino acid residues, such as less than 25 amino acid resi- 
dues, for example less than 20 amino acid residues, such as less than 15 amino 
acid residues, for example less than 10 amino acid residues. 

Variants as used herein is preferably by means of reference to the corresponding 
functionality of a predetermined IGF-1 amino acid sequence, more preferably the 
sequence of the 70 amino acids of IGF. 

One method of determining a sequence of immunogenically active amino acids 
within a known amino acid sequence has been described by Geysen in US 
5,595,915 and is incorporated herein by reference. 

A further suitably adaptable method for determining structure and function relation- 
ships of peptide fragments is described by US 6,013,478, which is herein incorpo- 
rated by reference. Also, methods of assaying the binding of an amino acid se- 
quence to a receptor moiety are known to the skilled artisan. 

Variants of IGF-1 , or a fragment thereof will be understood to exhibit amino acid 
sequences gradually departing from the preferred, predetermined sequence of hu- 
man IGF-1 , as the number and scope of insertions, deletions and substitutions in- 
cluding conservative substitutions increases. This departure is measured as a re- 
duction in homology between human IGF-1 and the variant. 

All IGF-1 variants and fragments thereof are included within the scope of this inven- 
tion, regardless of the degree of homology that they show to human IGF-1. The rea- 
son for this is that some regions of IGF-1 are most likely readily mutatable, or capa- 
ble of being completely deleted, without any significant biological effect of the re- 
sulting fragment. 
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A functional variant obtained by substitution may wei! exhibit some form or degree of 
native IGF-1 activity, and yet be less homologous, if residues containing functionally 
similar amino acid side chains are substituted. Functionally similar in this respect 
refers to dominant characteristics of the side chains such as hydrophobic, basic, 
neutral or acidic, or the presence or absence of steric bulk. Accordingly, in one em- 
bodiment of the invention, the degree of identity between i) a given IGF-1 variant, or 
a fragment thereof, capable of binding an IGF-1 receptor moiety, and ii) a preferred 
predetermined fragment such as e.g. human IGF-1, is not a principal measure of the 
variant of a preferred predetermined IGF-1 sequence, such as e.g. human IGF-1. 

IGF-1 variants, and fragments thereof, sharing at least some homology with a pre- 
ferred predetermined IGF-1 moiecule, preferably human IGF-1, or a fragment, are to 
be considered as falling within the scope of the present invention when such vari- 
ants are at least about 40 percent homologous with human IGF-1 , such as at least 
about 50 percent homologous, for example at least about 60 percent homologous, 
such as at least about 70 percent homologous, for example at least about 75 per- 
cent homologous, such as at least about 80 percent homologous, for example at 
least about 85 percent homologous, such as at least about 90 percent homologous, 
for example at least 92 percent homologous, such as at least 94 percent homolo- 
gous, for example at least 95 percent homologous, such as at least 96 percent ho- 
mologous, for example at least 97 percent homologous, such as at least 98 percent 
homologous, for example at least 99 percent homologous homologous with human 
IGF-1. 

Homology may preferably be calculated by any suitable algorithm or by computer- 
ised implementations of such algorithms for example CLUSTAL in the PC/Gene 
program by Intelligenetics or GAP, BESTFIT, BLAST, FASTA and TFASTA in the 
Wisconsin Genetics Software Package, Genetics Computer Group (GCG). The ho- 
mology between amino acid sequences may furthermore be calculated with the aid 
of well known matrices such as for example any one of BLOSUM 30, BLOSUM 40, 
BLOSUM 45, BLOSUM 50, BLOSUM 55, BLOSUM 60, BLOSUM 62, BLOSUM 65, 
BLOSUM 70, BLOSUM 75, BLOSUM 80, BLOSUM 85, and BLOSUM 90. 
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Additional factors that may be taken into consideration when determining variants 
according to the definition used herein are i) the ability of antisera which are capable 
of substantially neutralizing the binding of IGF-1 to an IGF-1 receptor moiety to de- 
tect an IGF-1 variant according to the present invention, and ii) the ability of the IGF- 
1 variant to compete with IGF-1 for a receptor moiety. 

A non-conservative substitution leading to the formation of a variant IGF-1, or a 
fragment thereof, would for example i) differ substantially in hydrophobicity, for ex- 
ample a hydrophobic residue (Val, lie, Leu, Phe or Met) substituted for a hydrophilic 
residue such as Arg, Lys, Trp or Asn, or a hydrophilic residue such as Thr, Ser, His, 
Gin, Asn, Lys, Asp, Glu or Trp substituted for a hydrophobic residue; and/or ri) differ 
substantially in its effect on polypeptide backbone orientation such as substitution of 
or for Pro or Gly by another residue; and/or iii) differ substantially in electric charge, 
for example substitution of a negatively charged residue such as Glu or Asp for a 
positively charged residue such as Lys, His or Arg (and vice versa); and/or iv) differ 
substantially in steric bulk, for example substitution of a bulky residue such as His, 
Trp, Phe or Tyr for one having a minor side chain, e.g. Ala, Gly or Ser (and vice 
versa). 

In a further embodiment the present invention relates to IGF-1 variants, or a frag- 
ment thereof, wherein such variants comprise substituted amino acids having hy- 
drophilic or hydropathic indices that are within +/-2.5, for example within +/- 2.3, 
such as within +/- 2.1 , for example within +/- 2.0, such as within +/- 1 .8, for example 
within +/- 1.6, such as within +/- 1.5, for example within +/- 1.4, such as within +/- 
1.3 for example within +/- 1 .2, such as within +/- 1 .1 , for example within +/- 1 .0, such 
as within +/- 0.9, for example within +/- 0.8, such as within +/- 0.7, for example 
within +/- 0.6, such as within +/- 0.5, for example within +/- 0.4, such as within +/- 
0.3, for example within +/- 0.25, such as within +/- 0.2 of the value of the amino acid 
it has substituted. 

The importance of the hydrophilic and hydropathic amino acid indices in conferring 
interactive biologic function on a protein is well understood in the art (Kyte & Doolit- 
tle, 1982 and Hopp, U.S. Pat. No. 4,554,101, each incorporated herein by refer- 
ence). 
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The amino acid hydropathic index values as used herein are: isoleucine (+4.5); va- 
line (+4.2); leucine (+3.8); phenylalanine (+2.8); cysteine/cystine (+2.5); methionine 
(+1.9); alanine (+1.8); glycine (-0.4 ); threonine (-0.7 ); serine (-0.8 ); tryptophan (- 
0.9); tyrosine (-1.3); proline (-1.6); histidine (-3.2); glutamate (-3.5); glutamine (-3.5); 
aspartate (-3.5); asparagine (-3.5); lysine (-3.9); and arginine (-4.5) (Kyte & Doolittle, 
1982). 

The amino acid hydrophilicity values are: arginine (+3.0); lysine (+3.0); aspartate 
(+3.0 +-.1); glutamate (+3.0.+-.1); serine (+0.3); asparagine (+0.2); glutamine (+0.2); 
glycine (0); threonine (-0.4); proline (-0.5.+-.1); alanine (-0.5); histidine (-0.5); cys- 
teine (-1.0); methionine (-1.3); valine (-1.5); leucine (-1.8); isoleucine (-1.8); tyrosine 
(-2.3); phenylalanine (-2.5); tryptophan (-3.4) (U.S. 4,554,101). 

Substitution of amino acids can therefore in one embodiment be made based upon 
their hydrophobicity and hydrophilicity values and the relative similarity of the amino 
acid side-chain substituents, including charge, size, and the like. Exemplary amino 
acid substitutions which take various of the foregoing characteristics into considera- 
tion are well known to those of skill in the art and include: i) arginine and lysine; ii) 
glutamate and aspartate; iii) serine and threonine; iv) glutamine and asparagine; and 
v) valine, leucine and isoleucine. 

In addition to the peptidyl compounds described herein, sterically similar compounds 
may be formulated to mimic the key portions of the peptide structure and such com- 
pounds may also be used in the same manner as the peptides of the invention. This 
may be achieved by techniques of modelling and chemical designing known to 
those of skill in the art. For example, esterification and other alkylations may be em- 
ployed to modify the amino terminus of, e.g., a di-arginine peptide backbone, to 
mimic a tetra peptide structure. It will be understood that all such sterically similar 
constructs fall within the scope of the present invention. 

Peptides with N-terminal alkylations and C-terminal esterifications are also encom- 
passed within the present invention. Variants also comprise glycosylated and cova- 
lent or aggregative conjugates formed with the same or other IGF-1 fragments 
and/or IGF-1 molecules, including dimers or unrelated chemical moieties. Such vari- 
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ants are prepared by linkage of functionalities to groups which are found in fragment 
including at any one or both of the N- and C-termini, by means known in the art. 

Variants may thus comprise fragments conjugated to aliphatic or acyl esters or am- 
ides of the carboxyl terminus, alkylamines or residues containing carboxyl side 
chains, e.g., conjugates to alkylamines at aspartic acid residues; O-acyl derivatives 
of hydroxy! group-containing residues and N-acyl derivatives of the amino terminal 
amino acid or amino-group containing residues, e.g. conjugates with fMet-Leu-Phe 
or immunogenic proteins. Derivatives of the acyl groups are selected from the group 
of alkyl-moieties (including C3 to C10 normal alkyl), thereby forming alkanoyl spe- 
cies, and carbocyclic or heterocyclic compounds, thereby forming aroyl species. The 
reactive groups preferably are difunctional compounds known per se for use in 
cross-linking proteins to insoluble matrices through reactive side groups. 

Covalent or aggregative variants and derivatives thereof are useful as reagents in 
immunoassays or for affinity purification procedures. For example, a variant of IGF-1 
according to the present invention may be insolubilized by covalent bonding to cya- 
nogen bromide-activated Sepharose by methods known per se or adsorbed to 
polyolefin surfaces, either with or without glutaraldehyde cross-linking, for use in an 
assay or purification of anti-IGF-1 antibodies or novel cell surface receptors. Frag- 
ments may also be labelled with a detectable group, e.g., radioiodinated by the chlo- 
ramine T procedure, covalently bound to rare earth chelates or conjugated to an- 
other fluorescent moiety for use in e.g. diagnostic assays. 

Mutagenesis of IGF-1, or a fragment thereof, can be conducted by making amino 
acid insertions, usually on the order of about from 1 to 10 amino acid residues, pref- 
erably from about 1 to 5 amino acid residues, or deletions of from about from 1 to 10 
residues, such as from about 2 to 5 residues. 

In one embodiment the IGF-1, or a fragment thereof, is synthesised by automated 
synthesis. Any of the commercially available solid-phase techniques may be em- 
ployed, such as the Merrifield solid phase synthesis method, in which amino acids 
are sequentially added to a growing amino acid chain. (See Merrifield, J. Am. Chem. 
Soc. 85:2149-2146, 1963). Equipment for automated synthesis of polypeptides is 
commercially available from suppliers such as Applied Biosystems, Inc. of Foster 
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City, Calif., and may generally be operated according to the manufacturer's instruc- 
tions. Solid phase synthesis wiii enable the incorporation of desirable amino acid 
substitutions into any IGF-1 variant, or a fragment thereof. It will be understood that 
substitutions, deletions, insertions or any subcombination thereof may be combined 
to arrive at a final sequence of a variant. Insertions shall be understood to include 
amino-terminal and/or carboxyl-terminal fusions, e.g. with a hydrophobic or immu- 
nogenic protein or a carrier such as any polypeptide or scaffold structure capable as 
serving as a carrier. 

Oligomers including dimers including homodimers and heterodimers of IGF-1, or a 
fragment thereof, are also provided and fall under the scope of the invention. IGF-1 - 
variants and variants can be produced as homodimers or heterodimers with other 
amino acid sequences or with native IGF-1 sequences. 

Immunostimulating IGF-1 fragments according to the invention may be synthesised 
both in vitro and in vivo. Method for in vitro synthesis are well known, and methods 
being suitable or suitably adaptable to the synthesis in vivo of IGF-1 are also de- 
scribed in the prior art. When synthesized in vivo, a host cell is transformed with 
vectors containing DNA encoding the IGF-1 fragment it is desired to express. A 
vector is defined as a replicable nucleic acid construct. Vectors are used to mediate 
expression of the IGF-1 fragment. An expression vector is a replicable DNA con- 
struct in which a nucleic acid sequence encoding a predetermined IGF-1 sequence, 
or any variant thereof that can be expressed in vivo, is operably linked to suitable 
control sequences capable of effecting the expression in a suitable host. Such con- 
trol sequences are well known in the art. 

By analogy to what is described herein above it is also possible to provide IGF-1 
binding protein variants that can be administered to an individual in combination with 
IGF1. IGF-1 binding protein variants are variants of IGF-1 binding proteins, or frag- 
ments thereof, comprising an amino acid sequence capable of being recognised by 
an antibody also capable of recognising an IGF-1 binding protein having a prede- 
termined amino acid sequence, such as a native sequence, and/or variants of IGF-1 
binding proteins, or fragments thereof, comprising an amino acid sequence capable 
of binding to IGF-1 , preferably human IGF-1 , and forming a complex therewith, 
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and/or a variant of an IGF-1 binding protein exerting substantially similar agonistic or 
antagonistic effects. 

Detailed Description of the Invention 

In one embodiment there is provided a method of treatment of an individual, pref- 
erably a human being, suffering from a liver disease, or at risk of contracting a liver 
disease unless treated, said method comprising the step of administering to the in- 
dividual a composition comprising a pharmaceutically effective amount of IGF-1, or 
a variant thereof. 

The liver disease may be an acute liver disease or it may be a chronic liver disease. 
Examples of acute liver disease according to the invention are liver failure. The 
acute liver disease may occur in combination with malnutrition, in combination with 
with insulin resistance, or in combination with IGF-1 deficiency. 

When the liver disease is a chronic liver disease it may e.g. be cirrhosis of the liver, 
fibrosis of the liver, or chronic hepatitis. The chronic liver disease may occur in com- 
bination with any one or more secondary conditions and indications such as e.g. a 
metabolic disorder, malnutrition, insulin resistance, diabetes mellitus, IGF-1 defi- 
ciency, hepatic encephalopathy, hepatic encephalopathy and ascites, portal hyper- 
tension, portal hypertension and ascites, hepatic nephropathy, as well as hepatic 
nephropathy and ascites. 

IGF-1 deficiency as used herein signifies an individual having a serum concentration 
of circulating IGF-1 of less than about 180 microgram per litre, such as less than 
175 microgram per litre, for example less than 170 microgram per litre, such as less 
than 165 microgram per litre, for example less than 160 microgram per litre, such as 
less than 155 microgram per litre, for example less than 150 microgram per litre, 
such as less than 145 microgram per litre, such as less than 140 microgram per 
litre, for example less than 135 microgram per litre, such as less than 130 micro- 
gram per litre, for example less than 125 microgram per litre, for example less than 
120 microgram per litre, such as less than 115 microgram per litre, for example less 
than 110 microgram per litre, such as less than 105 microgram per litre, for example 
less than 100 microgram per litre such as less than 95 microgram per litre, for ex- 
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ample less than 90 microgram per litre, such as less than 85 microgram per litre, for 
example less than 80 microgram per litre such as less than 75 microgram per litre, 
for example less than 70 microgram per litre, such as less than 65 microgram per 
litre, for example less than 60 microgram per litre, such as less than 55 microgram 
per litre, for example less than 50 microgram per litre, such as less than 45 micro- 
gram per litre, for example a serum concentration of circulating IGF-1 of less than 40 
microgram per litre. 

In one preferred aspect of the present invention there is provided a method of treat- 
ment of an individual, preferably a human being, that is deficient in IGF-1, or at risk 
of becoming deficient in IGF-1 unless treated, said method comprising the step of 
administering to the individual a composition comprising a pharmaceutically effective 
amount of IGF-1 , or a variant thereof. 

The method according to the invention is preferably selected from a method of 
treatment that is prophylactic, a method of treatment that is ameliorating, and a 
method of treatment that is curative. 

The IGF-1 according to the invention, preferably comprised in a pharmaceutical 
composition, is preferably administrered to the individual to be treated by means of 
subcoutaneous injection, preferably once or twice a day. However other means of 
injection, such as e.g. running infusion or slow infusion may also be used, and injec- 
tions more than twice a day can also be performed when there is a need for this. 

The pharmaceutically effective amount of IGF-1 is preferably less than 1200 micro- 
gram per day per kilogram of treated individual, such as less than 1 1 50 microgram 
per day per kilogram of treated individual, for example less than 1 1 00 microgram per 
day per kilogram of treated individual, such as less than 1050 microgram per day 
per kilogram of treated individual, for example less than 1000 microgram per day per 
kilogram of treated individual, such as less than 950 microgram per day per kilogram 
of treated individual, for example less than 900 microgram per day per kilogram of 
treated individual, such as less than 850 microgram per day per kilogram of treated 
individual, for example less than 800 microgram per day per kilogram of treated in- 
dividual, such as less than 750 microgram per day per kilogram of treated individual, 
for example less than 700 microgram per day per kilogram of treated individual, 



P479 US01 



50 



such as less than 650 microgram per day per kilogram of treated individual, for ex- 
ample less than 600 microgram per day per kilogram of treated individual, such as 
less than 550 microgram per day per kilogram of treated individual, for example less 
than 500 microgram per day per kilogram of treated individual, such as less than 
480 microgram per day per kilogram of treated individual, for example less than 460 
microgram per day per kilogram of treated individual, such as less than 440 micro- 
gram per day per kilogram of treated individual, for example less than 420 micro- 
gram per day per kilogram of treated individual, such as less than 400 microgram 
per day per kilogram of treated individual, for example less than 380 microgram per 
day per kilogram of treated individual, such as less than 360 microgram per day per 
kilogram of treated individual, for example less than 340 microgram per day per 
kilogram of treated individual, such as less than 320 microgram per day per kilogram 
of treated individual, for example less than 300 microgram per day per kilogram of 
treated individual, such as less than 290 microgram per day per kilogram of treated 
individual, for example less than 280 microgram per day per kilogram of treated in- 
dividual, such as less than 270 microgram per day per kilogram of treated individual, 
for example less than 260 microgram per day per kilogram of treated individual, 
such as less than 250 microgram per day per kilogram of treated individual, for ex- 
ample less than 1000 microgram per day per kilogram of treated individual, such as 
less than 240 microgram per day per kilogram of treated individual, for example less 
than 230 microgram per day per kilogram of treated individual, such as less than 
220 microgram per day per kilogram of treated individual, for example less than 210 
microgram per day per kilogram of treated individual, such as (ess than 200 micro- 
gram per day per kilogram of treated individual, for example less than 190 micro- 
gram per day per kilogram of treated individual, such as less than 180 microgram 
per day per kilogram of treated individual, for example less than 170 microgram per 
day per kilogram of treated individual, such as less than 1 60 microgram per day per 
kilogram of treated individual, for example less than 150 microgram per day per 
kilogram of treated individual, such as less than 145 microgram per day per kilogram 
of treated individual, for example less than 140 microgram per day per kilogram of 
treated individual, such as less than 135 microgram per day per kilogram of treated 
individual, for example less than 130 microgram per day per kilogram of treated in- 
dividual, such as less than 125 microgram per day per kilogram of treated individual, 
for example less than 120 microgram per day per kilogram of treated individual, 
such as less than 115 microgram per day per kilogram of treated individual, for ex- 
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ample less than 110 microgram per day per kilogram of treated individual, such as 
less than 105 microgram per day per kilogram of treated individual, for example 
about 100 microgram per day per kilogram of treated individual, for example less 
than about 100 microgram per day per kilogram of treated individual, such as less 
than 95 microgram per day per kilogram of treated individual, for example less than 
90 microgram per day per kilogram of treated individual, such as less than 85 mi- 
crogram per day per kilogram of treated individual, for example less than 80 micro- 
gram per day per kilogram of treated individual, such as less than 75 microgram per 
day per kilogram of treated individual, for example less than 70 microgram per day 
per kilogram of treated individual, such as less than 65 microgram per day per kilo- 
gram of treated individual for example less than 60 microgram per day per kilogram 
of treated individual, such as less than 55 microgram per day per kilogram of treated 
individual, for example less than about 50 microgram per day per kilogram of treated 
individual, and preferably more than about 25 microgram per day per kilogram of 
treated individual, such as more than about 30 microgram per day per kilogram of 
treated individual, for example more than about 35 microgram per day per kilogram 
of treated individual, such as more than about 40 microgram per day per kilogram of 
treated individual. 

In one embodiment the pharmaceuticaliy effective amount of IGF-1 is administrered 
to the individual to be treated once or twice a day by subcutaneous injection at least 
during prolonged periods of an essentially life-long treatment regime. Prolonged 
periods may range from several weeks to several months to several years. 

It is desirable to reduce the period of treatment, and in one embodiment the phar- 
maceuticaliy effective amount of IGF-1 is administrered to the individual to be 
treated once or twice a day by subcutaneous injection for a period of treatment last- 
ing less than 6 months, such as less than 5 months, for example less than 4 
months, such as less than 3 months, for example less than 2 months, such as less 
than 1 month, for example less than 2 weeks, such as a treatment period of about 1 
week. 

In one preferred embodiment the composition is administrered to the individual prior 
to, during, or after liver transplantation treatment. 
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IGF-1 according to the invention can be isolated from any source including any 
source capable of producing said IGF-1 by recombinant DNA techniques. Recombi- 
nant IGF-1, or a variant thereof, produced by recombinant DNA technology is par- 
ticularly preferred according to the present invention. The recombinant IGF-1 is 
preferably recombinant human IGF-1 , or a variant thereof. 

The pharmaceutical composition according to the invention may further comprise at 
least one IGF-1 binding protein (IGFBP) selected from the group consisting of 
iGFBP-1, IGFBP-2, IGFBP-3, IGFBP^, IGFBP-5, and IGFBP-6, including any vari- 
ant thereof. A composition further comprising IGFBP-3, or a variant thereof is pre- 
ferred. 

It is much preferred that the composition comprises a complex formed of at least 
some of said IGF-1 and some of said IGFBP-3 comprised in the composition. The 
composition in one embodiment may further comprise acid labile subunit (ALS) ca- 
pable of forming a complex with IGF-1 and IGFBP-3. In another preferred embodi- 
ment the composition further comprises a protease inhibitor capable of inhibiting 
proteases having an affinity for IGF-1. 

When a variant of IGF-1 is used, such a variant is in one embodiment a variant 
comprising at least one conservative amino acid substitution, such as a plurality of 
conservative amino acid substitutions. The variant may be at least 96 percent identi- 
cal or homologous homologous to human IGF-1 , such as at least 98 percent identi- 
cal or homologous to IGF-1 . 

The composition may further comprise a pharmaceutical^ acceptable carrier such 
as e.g. a sterile, isotonic solution containing a citrate buffer of pH about 6. 

In a number of preferred embodiments the present invention provides treatment of 
specific conditions present in the individual treated according to the invention. 

Such specific treatments of an individual suffering from an acute or chronic liver dis- 
ease are described herein below and involve, but is not limited to, methods com- 
prising: 



P479US01 



53 



Treating insulin resistence in an individual suffering from acute or chronic liver dis- 
ease, said method comprising the step of administering to the individual a composi- 
tion comprising a pharmaceutically effective amount of IGF-1 , or a variant thereof. 

5 Treating diabetes mellitus in in an individual suffering from acute or chronic liver 
disease, said method comprising the step of administering to the individual a com- 
position comprising a pharmaceutically effective amount of IGF-1, or a variant 
thereof. 

10 Treating diabetes mellitus and insulin resistence in an individual suffering from acute 
or chronic liver disease, said method comprising the step of administering to the 
individual a composition comprising a pharmaceutically effective amount of IGF-1, or 
a variant thereof. 

15 Treating hyperinsulinaemiae in in an individual suffering from acute or chronic liver 
disease, said method comprising the step of administering to the individual a com- 
position comprising a pharmaceutically effective amount of IGF-1, or a variant 
thereof. 

20 Treating hyperaminoacidemiae in an individual suffering from a chronic liver dis- 
ease, said method comprising the step of administering to the individual a composi- 
tion comprising a pharmaceutically effective amount of IGF-1, or a variant thereof. 

Treating hyperinsulinaemiae and hyperaminoacidemiae in an individual suffering 
25 from acute or chronic liver disease, said method comprising the step of administer- 
ing to the individual a composition comprising a pharmaceutically effective amount 
of IGF-1, or a variant thereof. 

Treating hyperaminoacidemiae and reducing muscle proteolysis in an individual 
30 suffering from a chronic liver disease, said method comprising the step of adminis- 
tering to the individual a composition comprising a pharmaceutically effective 
amount of IGF-1, or a variant thereof. 

Treating a metabolic disorder in an individual suffering from acute or chronic liver 
35 disease, said method comprising the step of administering to the individual a com- 
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position comprising a pharmaceutically effective amount of IGF-1, or a variant 
thereof. 

Treating malnutrition in an individual suffering from acute or chronic liver disease, 
said method comprising the step of administering to the individual a composition 
comprising a pharmaceutically effective amount of IGF-1 , or a variant thereof. 

Treating malnutrition and a metabolic disorder in an individual suffering from acute 
or chronic liver disease, said method comprising the step of administering to the 
individual a composition comprising a pharmaceutically effective amount of IGF-1 , or 
a variant thereof. 

restoring normal physiological serum levels of IGF-1 in an individual suffering from 
acute or chronic liver disease, said method comprising the step of treating the indi- 
vidual by administering to the individual a composition comprising a pharmaceuti- 
cally effective amount of IGF-1 , or a variant thereof. 

Treating hepatic encephalopathy in an individual suffering from acute or chronic liver 
disease, said method comprising the step of administering to the individual a com- 
position comprising a pharmaceutically effective amount of IGF-1 , or a variant 
thereof. 

Treating hepatic encephalopathy in combination with ascites in an individual suffer- 
ing from acute or chronic liver disease, said method comprising the step of admin- 
istering to the individual a composition comprising a pharmaceuticaliy effective 
amount of IGF-1 , or a variant thereof. 

Treating hepatic nephropathy in an individual suffering from acute or chronic liver 
disease, said method comprising the step of administering to the individual a com- 
position comprising a pharmaceutically effective amount of IGF-1 , or a variant 
thereof. 

Treating hepatic nephropathy in combination with ascites in an individual suffering 
from acute or chronic liver disease, said method comprising the step of administer- 
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ing to the individual a composition comprising a pharrnaceutically effective amount 
of IGF-1, or a variant thereof. 

Treating portal hypertension in an individual suffering from acute or chronic liver 
disease, said method comprising the step of administering to the individual a com- 
position comprising a pharrnaceutically effective amount of IGF-1, or a variant 
thereof. 

Treating portal hypertension in combination with ascites in an individual suffering 
from acute or chronic liver disease, said method comprising the step of administer- 
ing to the individual a composition comprising a pharrnaceutically effective amount 
of IGF-1 , or a variant thereof. 

Treating hepatic encephalopathy and hepatic nephropathy in an individual suffering 
from acute or chronic liver disease, said method comprising the step of administer- 
ing to the individual a composition comprising a pharrnaceutically effective amount 
of IGF-1 , or a variant thereof. 

Treating hepatic encephalopathy and hepatic nephropathy in combination with as- 
cites an individual suffering from acute or chronic liver disease, said method com- 
prising the step of administering to the individual a composition comprising a phar- 
rnaceutically effective amount of IGF-1 , or a variant thereof. 

Treating hepatic encephalopathy and portal hypertension in an individual suffering 
from acute or chronic liver disease, said method comprising the step of administer- 
ing to the individual a composition comprising a pharrnaceutically effective amount 
of IGF-1, or a variant thereof. 

Treating hepatic encephalopathy and portal hypertension in combination with asci- 
tes in an individual suffering from acute or chronic liver disease, said method com- 
prising the step of administering to the individual a composition comprising a phar- 
rnaceutically effective amount of IGF-1, or a variant thereof. 

Treating hepatic nephropathy and portal hypertension in an individual suffering from 
acute or chronic liver disease, said method comprising the step of administering to 
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the individual a composition comprising a pharmaceutical effective amount of IGF- 
1 , or a variant thereof. 

Treating hepatic nephropathy and portal hypertension in an individual suffering from 
acute or chronic liver disease, said method comprising the step of administering to 
the individual a composition comprising a pharmaceutically effective amount of IGF- 
1 , or a variant thereof. 

Treating hepatic nephropathy and portal hypertension in an individual suffering from 
acute or chronic liver disease, said method comprising the step of administering to 
the individual a composition comprising a pharmaceutically effective amount of IGF- 
1 , or a variant thereof. 

Treating hepatic nephropathy and portal hypertension in combination with ascites in 
an individual suffering from acute or chronic liver disease, said method comprising 
the step of administering to the individual a composition comprising a pharmaceuti- 
cally effective amount of IGF-1, or a variant thereof. 

Treating hepatic encephalopathy and hepatic nephropathy and portal hypertension 
in an individual suffering from acute or chronic liver disease, said method comprising 
the step of administering to the individual a composition comprising a pharmaceuti- 
cally effective amount of IGF-1 , or a variant thereof. 

Treating hepatic encephalopathy and hepatic nephropathy and portal hypertension 
in combination with ascites in an individual suffering from acute or chronic liver dis- 
ease, said method comprising the step of administering to the individual a composi- 
tion comprising a pharmaceutically effective amount of IGF-1 , or a variant thereof. 

Reducing serum glucose concentrations in an individual suffering from acute or 
chronic liver disease, said method comprising the step of treating the individual by 
administering to the individual a composition comprising a pharmaceutically effective 
amount of IGF-1 , or a variant thereof. 

Increasing hepatic amino acid conversion in an individual suffering from acute or 
chronic liver disease, said method comprising the step of treating the individual by 
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administering to the individual a composition comprising a pharmaceutically effective 
amount of IGF-1 , or a variant thereof. 

Reducing serum glucose concentrations and increasing hepatic amino acid conver- 
sion in an individual suffering from acute or chronic liver disease, said method com- 
prising the step of treating the individual by administering to the individual a compo- 
sition comprising a pharmaceutically effective amount of IGF-1 , or a variant thereof. 

Reducing muscle proteolysis in an individual suffering from a chronic liver disease, 
said method comprising the step of treating the individual by administering to the 
individual a composition comprising a pharmaceutically effective amount of IGF-1, or 
a variant thereof. 

Reducing increased levels of growth hormone in an individual suffering from a 
chronic liver disease, said method comprising the step of treating the individual by 
administering to the individual a composition comprising a pharmaceutically effective 
amount of IGF-1 , or a variant thereof. 

In another aspect of the invention there is provided IGF-1 , or a composition com- 
prising IGF-1 , or a variant thereof, for use in any method of the invention. 

The composition preferably comprises an IGF-1 produced by recombinant DNA 
technology, more preferably recombinant human IGF-1. 

The composition may further comprise at least one IGF-1 binding protein (IGFBP) 
selected from the group consisting of IGFBP-1, IGFBP-2, IGFBP-3, IGFBP-4, 
IGFBP-5, and IGFBP-6, including any variant thereof. More preferred the composi- 
tion further comprises IGFBP-3, or a variant thereof. A complex is preferably formed 
of at least some of said IGF-1 and some of said IGFBP-3 comprised in the composi- 
tion that may even further comprise acid labile subunit (ALS) capable for forming a 
complex with IGF-1 and IGFBP-3. 

To avoid IGF-1 proteolysis the composition may comprise a protease inhibitor capa- 
ble of inhibiting proteases having an affinity for IGF-1. 
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When a variant of IGF-1 is comprised in the composition it is preferably a variant 
comprising at least one conservative amino acid substitution, or an IGF-1 variant 
that is at least 98 percent homologous to human IGF-1. 

The composition may further comprise any pharmaceutically acceptable carrier. 

In yet another aspect there is provided the use of IGF-1 , or a variant thereof, for the 
manufacture of a medicament for treatment of acute or chronic liver disease in an 
individual, preferably a human being, in need of said treatment. 

There is also provided the use of a composition according to the invention for the 
manufacture of a medicament for treatment of acute or chronic liver disease in an 
individual, preferably a human being, in need of said treatment. 

The liver disease may be any acute liver disease or any chronic liver disease as 
described herein above, and the liver disease may occur in combination with any 
secondary condition or indication referred to herein above. 

The treatment in question may be prophylactic, ameliorating or curative. 

The treatment may involve administration of the medicament by means of subcou- 
taneous injection, preferably once or twice a day. The pharmaceutically effective 
amount of IGF-1 is as stated herein above, and the period of treatment is also as 
stated herein above. 

Administration of compositions comprising JGF-1 

IGF-1 is directly administered to an individual including a human being by any suit- 
able technique, including parenteral administration, and can be administered locally 
or systemically. The specific route of administration will depend, e.g., on the medical 
history of the patient, including any perceived or anticipated side effects using IGF- 
1. Examples of parenteral administration include subcutaneous, intramuscular, in- 
travenous, intraarterial, and intraperitoneal administration. 

Preferably, the administration is by continuous infusion (using, e.g., minipumps such 
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as osmotic pumps and a subcutanous route), or by a single injection or multiple 
(e.g., 2-4) injections using, e.g., intravenous or subcutaneous means. Preferably, 
the administration is subcutaneous for IGF-1. The administration may also be as a 
single bolus or by slow-release depot formulation. 

In addition, the IGF-1 is suitably administered together with any one or more of its 
binding proteins, for example, those currently known, i.e., IGFBP-1, IGFBP 2, 
IGFBP-3, IGFBP-4, IGFBP-5, or IGFBP-6. The preferred binding protein for IGF-1 
administration in accordance with the invention is IGFBP-3, which is described in 
WO 89/09268 published Oct. 5, 1989 and by Martin and Baxter, J. Biol. Chem., 261: 
8754-8760 (1986). This glycosylated IGFBP-3 protein is an acid-stable component 
of about 53 Kd on a non-reducing SDS-PAGE gel of a 125-150 Kd glycoprotein 
complex found in human plasma that carries most endogenous iGF. The IGF-1 may 
also be suitably coupled to a receptor or antibody or antibody fragment for admini- 
stration. 

The administration of the IGF binding protein with IGF-1 is in one embodiment ac- 
complished by the method described in U.S. 5,187,151, the disclosure of which is 
incorporated herein by reference. Briefly, the IGF-1 and IGFBP are administered in 
effective amounts by subcutaneous bolus injection in a molar ratio of from about 
0.5:1 to about 3:1, preferably about 1:1. 

The IGF-1 composition to be used in the therapy will be formulated and dosed in a 
fashion consistent with good medical practice, taking into account the clinical condi- 
tion of the individual patient (especially the side effects of treatment with IGF-1 
alone), the site of delivery of the IGF-1 composition, the method of administration, 
the scheduling of administration, and other factors known to practitioners. The "ef- 
fective amount" of IGF-1 for purposes herein is thus determined by such considera- 
tions. 

As a general proposition, the total pharmaceutical^ effective amount of the IGF-1 
administered parenterally will be in the range of daily doses of from about 50 micro- 
gram per kilogram body weight of the individual to which the IGF-1 is administered 
(i.e. 50 u.g IGF-1/kg/day) to less than about 1200 u.g/kg/day of patient body weight, 
although, as noted above, this will be subject to therapeutic discretion. More pref- 
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erably, this dose is at least 75 ug/kg/day, and most preferably for humans between 
about 100 and 300 jig/kg/day. 

If given continuously or semi-continuously the IGF-1 is typically administered at a 
dose rate of about 1 jug/kg/hour to about 50 u.g/kg/hour, either by 1-4 bolus injec- 
tions or per day, by running infusion, or by slow infusion such as by continuous sub- 
cutaneous infusions using, for example, a mini-pump or a drop. An intravenous bag 
solution may also be employed. The key factor in selecting an appropriate dose is 
the result obtained, as measured at least by amelioration of the acute or chronic 
liver disease in question. 

The IGF-1 composition according to the invention may also be administered by 
sustained-release systems. Suitable examples of sustained-release compositions 
include semi-permeable polymer matrices in the form of shaped articles, e.g., films, 
or microcapsules. Sustained-release matrices include polylactides (U.S. Pat. No. 
3,773,919, EP 58,481), copolymers of L-glutamic acid and gamma-ethyl-L- 
glutamate (Sidman etal., Biocolymers, 22, 547-556 [1983]), poly(2-hydroxyethyl 
methacrylate) (Langer et al., J. Biomed. Mater. Res., 15: 167-277 [1981], and Lan- 
ger, Chem. Tech., 12: 98-105 [1982]), ethylene vinyl acetate (Langer et al., supra) or 
poly-D-(-)-3-hydroxybutyric acid (EP 133,988). Sustained-release IGF-1 composi- 
tions also include liposomally entrapped IGF-1. Liposomes containing IGF-1 are 
prepared by methods known perse: DE 3,218,121; Epstein et al., Proc. Natl. Acad. 
Sci. U.S.A., 82: 3688-3692 (1985); Hwang etal., Proc. Natl. Acad. Sci. U.S.A., 77: 
4030-4034 (1980); EP 52,322; EP 36,676; EP 88,046; EP 143,949; EP 142,641; 
Japanese Pat. Appln. 83-118008; U.S. Pat. Nos. 4,485,045 and 4,544,545; and EP 
102,324. Ordinarily, the liposomes are of the small (about 200 - 800 Angstroms) 
unilamellar type in which the lipid content is greater than about 30 mof. percent 
cholesterol, the selected proportion being adjusted for the optimal IGF-1 therapy. 

For parenteral administration, in one embodiment, the IGF-1 is formulated generally 
by mixing it at the desired degree of purity, in a unit dosage injectable form (solution, 
suspension, or emulsion), with a pharmaceutical^ acceptable carrier, i.e., one that is 
non-toxic to recipients at the dosages and concentrations employed and is compati- 
ble with other ingredients of the formulation. For example, the formulation preferably 
does not include oxidizing agents and other compounds that are known to be delete- 
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rious to polypeptides. 

Generally, the formulations are prepared by contacting the IGF-1 uniformly and inti- 
mately with liquid carriers or finely divided solid carriers or both. Then, if necessary, 
the product is shaped into the desired formulation. Preferably the carrier is a paren- 
teral carrier, more preferably a solution that is isotonic with the biood of the recipient. 
Examples of such carrier vehicles include water, saline, Ringer's solution, and dex- 
trose solution. Non-aqueous vehicles such as fixed oils and ethyl oleate are also 
useful herein, as well as liposomes. 

The carrier suitably contains minor amounts of additives such as substances that 
enhance isotonicity and chemical stability. Such materials are non-toxic to recipients 
at the dosages and concentrations employed, and include buffers such as phos- 
phate, citrate, succinate, acetic acid, and other organic acids or their salts; antioxi- 
dants such as ascorbic acid; low molecular weight (less than about ten residues) 
polypeptides, e.g., polyarginine or tripeptides; proteins, such as serum albumin, 
gelatin, or immunoglobulins; hydrophilic polymers such as polyvinylpyrrolidone; 
amino acids, such as glycine, glutamic acid, aspartic acid, orarginine; monosaccha- 
rides, disaccharides, and other carbohydrates including cellulose or its derivatives, 
glucose, mannose, or dextrins; chelating agents such as EDTA; sugar alcohols such 
as mannitol or sorbitol; counterions such as sodium; and/or nonionic surfactants 
such as polysorbates, polyoxamers, or PEG. 

The IGF-1 is typically formulated in such vehicles at a concentration of about 0.1 
mg/ml to 100 mg/ml, preferably about 1 to 10 mg/ml, at a pH of about 3 to 8. Full- 
length IGF-1 is generally stable at a pH of no more than about 6; des(1-3) IGF-1 is 
stable at about 3.2 to 5. It will be understood that use of certain of the foregoing ex- 
cipients, carriers, or stabilizers will result in the formation of IGF-1 salts. 

In addition, the IGF-1, preferably the full-length IGF-1, is suitably formulated in an 
acceptable carrier vehicle to form a pharmaceutical composition, preferably one that 
does not contain cells. Recombinant, full length IGF-1, preferably recombinant, full 
length human IGF-1 , or a variant thereof, is preferred for such a composition. In one 
embodiment, the buffer used for formulation will depend on whether the composition 
will be employed immediately upon mixing or stored for later use. If employed im- 
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mediately, the full-length IGF-1 can be formulated in mannitol, glycine, and phos- 
phate, pH 7.4. If this mixture is to be stored, it is formulated in a buffer at a pH of 
about 6, such as citrate, with a surfactant that increases the solubility of the IGF-1 at 
this pH, such as 0.1% poiysorbate 20 or poloxamer 188. The final preparation may 
be a stable liquid or lyophilized solid. 

IGF-1 to be used for therapeutic administration must be sterile. Sterility is readily 
accomplished by filtration through sterile filtration membranes (e.g., 0.2 micron 
membranes). Therapeutic IGF-1 compositions generally are placed into a container 
having a sterile access port, for example, an intravenous solution bag or vial having 
a stopper pierceable by a hypodermic injection needle. 

IGF-1 ordinarily will be stored in unit or multi-dose containers, for example, sealed 
ampoules or vials, as an aqueous solution, or as a lyophilized formulation for recon- 
stitution. As an example of a lyophilized formulation, 10-ml vials are filled with 5 ml 
of sterile-filtered 1% (w/v) aqueous IGF-1 solution, and the resulting mixture is ly- 
ophilized. The infusion solution is prepared by reconstituting the lyophilized IGF-1 
using bacteriostatic Water-for-lnjection. 

Effect of treatment 

In one embodiment of the present invention the treatment may result in a change of 
biochemical values indicative of hepatic disease. Preferably, the biochenical values 
may be improved. 

Biochemical values may for example be selected from the group consisting of albu- 
min, coagulation factor 3, 7 and 10 (INR), alanine aminotransferase (ALAT), aspar- 
tate aminotransferase (ASAT) and y-glutamyl transferase (GGT) for example meas- 
ured in blood samples. 

In one embodiment the treatment results in an increase in substrate exchange, for 
example forearm substrate exchange. The substrate may for example be glucose or 
amino-N. The increase in substrate exchange may for example be determined as 
described in the examples. 
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The increase may for example be 1.1 fold, such as 1.1 to 1.2 fold, for example 1.2 to 
1.5 fold, such as 1.5 to 2 fold, for example 2 to 3 fold, such as 3 to 5 fold. Preferably, 
however the increase is more than 1 .5 fold. 
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Legends to Figures 

Figure 1 illustrates hepatic am ino-N degradation (FHNC, litre/hour) for placebo and 
individuals treated with IGF-1 according to the invention. 

Figure 2 illustrates insulin sensitivity (M-value) for placebo and individuals treated 
with IGF-1 according to the invention. 

Figure 3 illustrates selected biochemical values indicative of hepatic disease in 8 
cirrhotic patients after 8 days of IGF-1 treatment. 

Figure 4 illustrates the glucose uptake across the human forearm in cirrhotic pa- 
tients treated with IGF-1 or with placebo. 

Figure 5 illustrates the exchange of amino acids across the human forearm in cir- 
rhotic patients treated with IGF-1 or with placebo. 

Examples 

The following examples demonstrate experimental procedures and preferred em- 
bodiments of the invention. The examples are illustrative only and should not be 
interpreted in any way that would confine the invention to the exact methods and 
results described therein. 

Example 1 

Protocol 

Energy Expenditure 

Energy expenditure is assessed by indirect cafometri before (-30 to 0) and just after 
(240-270) the glucose clamp. A computerized, open circuit system is employed to 
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measure gas exchanges across a 25-L canopy (Deltatrac, Datex Instrumentarium 
Inc., Helsinki, Finland). The monitor determines carbon dioxide production and oxy- 
gen consumption by multiplying dry air flow through the canopy with the alterations 
in gas concentrations over the canopy. 

Glucose clamp teqnique 

After a baseline period, Insulin (Insulin Actrapid; Novo-Noridsk, Copenhagen, Den- 
mark) was infused intravenously at a constant rate of 0.6 mU/kg/min for 180 min. 
Before baseline measurements, a bolus dose (17uCi of [3-3H]glucose (DuPont-New 
England Nuclear, Boston, Mass., USA) was injected, followed by a constant rate 
infusion (0.17^Ci/min) throughout the experiment. Plasma glucose was clamped at 
5 mmol/l as described by DeFronzo et al. In order to minimize rapid dilution of the 
labelled glucose pool with uniabelled glucose, [3-3H]glucose was added to the glu- 
cose infused during the clamp. 

FHNC 

To estimate hepatic amino acid metabolism urea nitrogen synthesis rate (UNSR) 
and blood alfa-amino nitrogen levels is measured before, during and after a 4 h 
constant iv infusion of alanine (2 mmo!/ kg BW x h). UNSR was estimated hourly as 
urinary excretion corrected for accumulation in body water. The slope of the linear 
relationship between UNSR and circulating alanine levels represents the hepatic 
components of conversion of amino nitrogen and is denoted the functional hepatic 
nitrogen clearance (FHNC). 

Alanine (2 mmol/kg bodyweight) (Ajinomoto Co. Inc., Tokyo, Japan), given by volu- 
metric pump (Terufusion STC-503, R0dovre, Denmark) through a catheter inserted 
in an antecubutal vein, was used to stimulate amino nitrogen conversion as meas- 
ured by the FHNC. Alanine infusions were initiated at 0800 h and continued for 3 h, 
implying that the 3 h(from 0800-1100 h) with increasing amino acid concentrations 
and the following 2 h(from 1100-1300h) with decreasing amino acid concentrations 
could be incorporated in the calculation of FHNC. 
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The urea nitrogen synthesis rate(UNSR) (mmol/h) was calculated as urinary excre- 
tion rate (E), corrected for accumulation (A) in total body water (TBW) and for the 
fractional intestinal loss (L): 

UNSR = (E + A}/(1 -L), 

where E = (urine flow, l/h) x (urinary urea-N, mmol/h), A = (change in blood urea-N, 
mmol/(l x h)) x (TBW, litre). 

L was taken to be 0.14 {157}. 

TBW was assessed from body weight (BW, kg), body height (BH, cm) and age (Y, 
years), by the formula {157}: 

TBW = 0.3625 x BW + 0.2239 x BH - 0.1387 x Y - 14.47 for men 

Body weight did not change during or between investigations, so it was assumed 
that TBW also remained stable. 

FHNC (l/h) was calculated as the slope of the linear regression analysis of UNSR on 
corresponding mean blood a-amino nitrogen concentrations. This measure stan- 
dardises urea nitrogen synthesis rate with regard to changes in blood a-amino nitro- 
gen concentration. Six data sets were available for each determination. 

Forearm substrate exchange 

Catheters (Venflon, Viggo, Helsingborg, Sweden) for measurements of forearm arte- 
rio-deep venous substrate balances were placed as described previously{724}: At 
0630 h a catheter was inserted retrogradely into a deep antecubital vein of one arm 
for sampling blood derived from the forearm muscles. 

The criteria for satisfactory positioning were that the tip of the catheter could not be 
palpated, and that the oxygen saturation in blood drawn from the catheter was be- 
low 70%. In the contralateral arm, one catheter was placed retrogradely in a heated 
dorsal hand vein for sampling of arterialized blood. 
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Oxygen saturation in the blood drawn from the heated dorsal vein was consistently 
above 92%. Finally one catheter was placed in an antecubital vein of the heated arm 
for ail infusions. 

In each individual the same veins were used for insertion on each occasion. Pre- 
ceding every deep venous sample, total ipsilateral forearm blood flow is determined 
by means of venous occlusion plethysmography. Hand blod flow is interrupted by a 
wrist cuff inflated to a pressure of 250 mm Hg immediately before every blood flow 
determination and 1 min before every deep venous blood sample. 

Substrate balances across the deep forearm tissues are calculated as the produc- 
tion of blood flow (milliliters per 100 ml_ tissue/min) to the tissues drained by the 
deep forearm vein and change in the total blood content (arterialized blood minus 
deep venous blood) of each metabolite across the forearm. For these calculations it 
is assumed that the relative blood flow (milliliters per 100 mL/min) to the tissues 
drained by the deep forearm vein equals 0.47 x total forearm blood flow + 0.83. 

Investigations 

In each investigation urea nitrogen synthesis rate (UNSR) and blood a-amino nitro- 
gen concentration were measured in 6 consecutive 60 min intervals (from -60 to 300 
min). 

Blood samples were drawn from the catheter inserted in the heated dorsal hand 
vein. Blood concentrations of urea nitrogen and a-amino nitrogen were measured at 
time -60,-45,-15 and 0 the first hour, and every 60 minutes for the rest of the ex- 
periment; a-amino nitrogen represents the sum of all amino acids. 

Blood samples for measurements of serum-insulin, C-peptide, growth hormone, 
GHBP, IGFBP's, NEFA, 3-hydroxybutyrate, glycerol, lactate, alanine, glucose, glu- 
cagons and glucose specific activity were taken at time -60, and every hour through 
the rest of the experiments. Samples were immediately frozen after centrifugation at 
-80 °C until assayed. The hourly blood samples were obtained with exact time reg- 
istration, immediately after voiding each one hour urine sample (see below). 
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Subjects drank a minimum of 200 ml tapwater pr. hour to keep urine production 
above 120 mi/h. The bladder was emptied by voiding at 60 min intervals, urine vol- 
umes were measured and samples frozen for later determination of urea nitrogen 
concentration. 

Preceding every deep venous sample, total ipsilateral forearm blood flow was de- 
termined by means of venous occlusion plethysmography{724}. Hand blod flow was 
interrupted by a wrist cuff inflated to a pressure of 250 mm Hg immediately before 
every blood flow determination and 1 min before every deep venous blood sample. 
Arterialized and deep venous blood samples were drawn simultaneously at the fol- 
lowing time points: -60, 0, 120, 240, 360 

Analyses 

Urea nitrogen concentration in urine and blood was measured by the urease- 
Berthelot method {191}. 

Blood a-amino nitrogen concentration by the dinitroflourobenzene method {192}. 

Serum insulin concentrations were measured in duplicate by a two-site immuno- 
specific insulin ELISA. 

Plasma glucagon concentrations were measured using radioimmunoassays as de- 
scribed by 0rskov et al. {783} 

Growth hormone concentrations were determined by radioimmunoassays (DELFIA, 
Wallac, Finland). 

Plasma glucose were analysed in duplicate by use of a Beckman glucoanalyzer 
immediately after sampling (Beckman instruments, Palo Alto, CA, USA). After 
counting the plasma specific activity of glucose the non-steady state equation of 
Steele as modified by DeBodo et al. was used for calculation of glucose appear- 
ance/disposal rates. A pool fraction of 0.65 and a distribution volume of 220 ml/kg 
were assumed. 
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Respiratory exchange ratios were determined by indirect kaliometri. 

Protein oxidation rates were estimated from urinary excretion of urea. 

Net lipid oxidation and glucose oxidation rates were computed from the above 
measurements, and non-oxidative glucose disposal was calculated by subtracting 
the glucose oxidation rates from total isotopically determined glucose disposal. 

Results 

Glucose and hormones 

IGF-I concentrations increased 5 fold after treatment (48±5 vs 260±25 ng/ml, 
p<0,05). 

Basal plasma glucose concentrations were significantly higher in control situation 
compared to IGF-! treatment (1 12±5 mg/100 ml vs 96±5 mg/100 ml, p<0.05). 

Serum insulin concentrations during baseline were more than twice as high in pla- 
cebo compared to IGF-I (98±8 pmol/l vs 41 ±6 pmol/l, p<0,05), and serum C-peptide 
followed the same pattern. 

Basal hepatic glucose production (HGP) decreased by 25% after IGF-I (2,91+0,1 vs 
2,11+0,1 mg/kg/min, p<0,05), and by 70% during hyperinsulinaemia ((0,81±0,1 vs 
0,19+0,1 mg/kg/min, p<0,05). 

Basal rates of glucose disposal increased by 30% after IGF-I (1,41±0,1 vs 2,01±0,1 
mg/kg/min, p<0,05). 

The ability of insulin to stimulate whole-body glucose disposal was also significantly 
increased after IGF-I treatment (2,31±0,3 vs 4,81±0,45 mg/kg/min, p<0,05). Both 
basal and insulin stimulated glucose oxidation were increased after IGF-I treatment 
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Non-oxidative glucose disposal were markedly increased after IGF-I, suggesting that 
part of the increased glucose utilisation was caused by increased glycogen forma- 
tion in muscles and part of it as glycogen synthsized in the liver. All in all this means 
that glucose metabolism was markedly improved after treatment with IGF-I. 

Glucagon decreased by 33% after IGF-I (130±12 vs 87+1 1 pg/ml, p<0.05). 

Growth hormone decreased almost 3 fold after IGF-I (3,1±1,2 vs 1,31±0,5, p<0,05). 
IGFBP-I doubled after IGF-I treatment, probably due to the decrease in insulin levels 
{12 vs 23?, p<0,05). IGFBP-3 and GHBP did not change. 

Functional hepatic nitrogen clearance (FHNC) 

Baseline blood a-amino-N concentrations were slightly higher in the placebo situa- 
tion compared to the IGF-I situation . When alanine was infused in the control ex- 
periment there was a gradual increase to a maximum of 7.4+0.3 mmol/I at 240 min. 
After IGF-i treatment the rise was less pronounced with a maximum of 5.9+0.17 
mmol/I, (p<0.05 by Students t-test). 

According to the same pattern, infusion of alanine gradually increased UNSR to a 
different maximum value of 100±6 mmol/h during placebo treatment and to 123±13 
mmol/h during IGF-I treatment (p<0.05). 

The functional hepatic nitrogen clearance (FHNC) increased on average by 30% 
after treatment with IGF-I, meaning that the hepatic efficacy for amino acid disposal 
was markedly improved in cirrhotic patients treated with IGF-I. Potentially, this could 
avoid the development of hepatic encephalopathy in advanced liver disease. 

Example 2 

INSULIN-LIKE GROWTH FACTOR-1 IMPROVES GLUCOSE METABOLISM AND 
HEPATIC AMINO ACID-N CONVERSION IN PATIENTS WITH LIVER CIRRHOSIS 

Reduced bioavailability of insulin-like growth factor-1 (IGF-1) together with distur- 
bances in intermediary glucose and amino acid metabolism are common features in 
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patients with liver cirrhosis. One objective of the present invention was to compare 
the effect of IGF-1 with placebo on glucose and amino acid metabolism in a ran- 
domly sequenced cross over design. 

6 patients with alchoholic liver cirrhosis were investigated twice after 7 days placebo 
(vehicie) and after 7 days with IGF-1 (0,1 mg/kg/day). The functional hepatic nitro- 
gen clearance (FHNC) which describes substrate independent changes in hepatic 
amino acid conversion and the hyperinsulinaemic euglycemic clamp (insulin infusion 
rate: 0.6 mU/kg min for 180 min) to determine insulin sensitivity were performed. 

Results 

IGF-1 treatment increased both FHNC (13,3±4 compared to placebo: 7,7+4 l/h, 
p<0.01) and insulin-stimulated glucose disposal (4,8+0,4 compared to 2,1 ±0.4 
mg/kg min) markedly. Hepatic glucose output ([3-3H]glucose) was nearly halved and 
basal levels of insulin, C-peptide, glucagon and growth hormone decreased during 
IGF-1 treatment. 

Conclusions 

IGF-1 increases hepatic amino acid-N conversion and improves glucose disposal in 
cirrhotic patients. The amelioration of these fundamental metabolic consequenses of 
cirrhosis has implications for the pathophysiological understanding of impairment of 
liver function, and may indicate new treatment principles of cirrhosis. 

Example 3 

Improved forearm substrate exchange and biochemical values in cirrhotic pa- 
tients after treatment with IGF-1. 

8 patients suffering from cirrhosis classified as either Child's class A or B were 
treated for 8 days with placebo (vehicle) or with IGF-1 (0,1 mg/kg/day). 

After 8 days of treatment individuals were tested for their biochemical values indica- 
tive of hepatic disease as well as for forearm substrate exchange rates as described 
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in example 1. In particular the glucose exchange and amino-N exchange were de- 
termined as well as the biochemical values in biood samples for albumin, coagula- 
tion factor 3, 7 and 10 (INR), alanine aminotransferase (ALAT), aspartate amino- 
transferase (ASAT) and y-glutamy! transferase (GGT). 

After 8 days of IGF-1 treatment the biochemical values for albumin, INR, ALAT, 
ASAT and GGT, which are all indicative of hepatic disease were improved although 
not significantly (fig. 3). 

IGF-1 treatment increased the glucose uptake across the human forearm almost 3 
fold compared to placebo in the basal state (see fig. 3). 

Furthemore, IGF-1 treatment increased the exchange of amino acids across the 
human forearm almost 2 fold compared to placebo. These results indicates benefi- 
cial effects of IGF-1 treatment on muscle protein build up. 

All patents, patent applications and non patent references 
cited anywhere in this specification, including but not 
limited to 60/237,715 and DK PA 2000 01317, are hereby 
incorporated by reference in their entirety. 



